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STATEMENT FROM THE WAR MANPOWER COMMISSION 


To Empioyers AND Executives in Aut War In- 
DUSTRIES: 

As most of you should know by this time, the 
National Roster of Scientific and Specialized Per- 
sonnel in the War Manpower Commission is the 
agency of the Federal Government which, since 
1940, has served as a central registry for persons 
possessing professional or scientific qualifications. 
All professionally qualified young engineers, chem- 
ists, physicists, geologists, mathematicians, etc., 
should be registered with the National Roster and if 
you have personnel in your employ who possess the 
necessary qualifications and who have not yet regis- 
tered with the Roster it is important to the war 
effort that you ask them to do so. 

The Roster has been assigned the responsibility of 
obtaining the best utilization of professional and 
scientific personnel. The Roster maintains records of 
those of its registrants who are working in war in- 
dustry as well as those who have gone into the armed 
forces, whether in an officer or enlisted capacity. In 
the light of recent Selective Service directives which 
will result in the induction of many thousands of 
professionally and scientifically qualified young men 
under the age of 26, it is important that these par- 
ticular individuals who will enter the armed forces 
immediately notify the Roster of the branch of the 
armed forces they are entering, the date and place of 
their induction and, after induction, their serial 


number. Obviously the Roster, as a civilian agency 
of Government, has no responsibility in the assign- 
ment of its registrants within the armed forces. At 
the request of the War and Navy Departments, 
however, the Roster does furnish advice to the Office 
of the Adjutant General, War Department, and the 
Bureau of Naval Personnel, Navy Department, con- 
cerning the specialized training and qualifications of 
those of its registrants who are inducted into the 
Army or Navy. This information is used as an aid in 
determining the initial military assignment of the 
particular individual. 

It is conceivable that it may become imperative in 
the future—near or distant—to withdraw a number 
of professionally and scientifically qualified men 
from the armed forces in order to assign them to 
important research or production work in civilian 
war industry. The Roster’s records are sufficiently 
detailed to permit intelligent selection of persons 
possessing professional qualifications in practically 
every kind of specialized field and it would probably 
be called upon to assist in any such assignment. It is 
important, therefore, that persons possessing profes- 
sional or scientific qualifications register with the 
Roster and advise it immediately concerning any 
change in their status. Communications should be 
addressed to the National Roster of Scientific and 
Specialized Personnel, 1006 U Street, N.W., Wash- 
ington 25, D. C. 
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Insect and Rodent Control in the Corps of Engineers' 


W. D. Reep, Army Service Forces, Office of the Chief of Engineers, Washington, D. C2 


I appreciate deeply the high compli- 
ment of being invited to attend this meet- 
ing for a discussion of “Entomology and 
the War.” In this fight on insects and ro- 
dents for the protection of the health and 
morale of troops, entomologists are called 
upon to assume positions of leadership. 
In the minds of all of us are the recollec- 
tion of past wars in which diseases carried 
by these pests were more deadly than weap- 
ons used in combat. In the present war is 
being written an outstanding chapter in 
the long fight man has waged against in- 
sects and disease. This record has been 
made through recommendations of an 
alert and industrious Medical Depart- 
ment and by the execution of control 
measures in the Corps of Engineers. 
While we take pride in these achievements 
all of us are acutely conscious of the fact 
that the fight is not won. Advantages now 
held can be lost through a relaxation of 
effort from now until the end of the war. 
You have already heard recited here today 
some of the fine accomplishments of our 
joint efforts. 

RESPONSIBILITY FOR Pest ConTROL.— 
Responsibility for pest control in the 
Army rests jointly with the Medical Corps 
and the Corps of Engineers. This is 
clearly set forth for the Medical Depart- 
ment in Army Regulations 40-205 and 
40-210 and for the Corps of Engineers in 
100-80. It is desirable at this time to 
quote directly from the regulations re- 
garding this responsibility. The following 
quotations summarize briefly the work of 
the Medical Corps: 

AR 40-205—par. 2b—Medical Department. ““The 

Medical Department is charged with the duty of 

investigating the sanitary conditions of the Army 


and making recommendations in relation thereto, 
etc. The Medical Department is further charged 


! Presented as a part of the Columbus Symposium, 1943. 
2 Ist Lt., Army Service Forces, Office of the Chief of Engi- 
neers. 


with the responsibility of investigating and making 
recommendations concerning: 

(3) 1. Presence of rodents, vermin and disease 
bearing insects and the elimination thereof.” 

AR 40-210—par. 1, la—Medical Department “The 
Medical Department is charged with the initiation 
and supervision of measures for the control and 
prevention of disease in military personnel and 
among inhabitants of occupied territories. The 
functions of officers of the Medical Department 
are mainly those of inspectorial and advisory 
nature.” 


Responsibility of the Corps of En- 
gineers in pest control is defined as follows: 


AR 100-80—par. 1 “‘Authority a. The Chief of 
Engineers under the direction of the Commanding 
General, Army Service Forces, is charged with the 
direction of work pertaining to the maintenance 
and repair of buildings, structures and utilities for 
the army, ete. ... 
par. 2—Definitions b—The term repairs and utili- 
ties as used in these regulations will be considered 
to include the preparation of estimates, budgeting 
for funds, distribution of funds, provision of ma- 
terial, labor, operating supplies, accessory installed 
equipment and special purpose vehicles necessary 
for... . 
j. Insect, rodents, and vermin control.—The super- 
vision and execution of work on real property, as 
defined in AR 35-6520, required to eradicate or 
control insects, rodents, and other vermin for— 

1. The protection of health and morale, in ac- 
cordance with the recommendations of the Medi- 
cal Department, and under such Medical Depart- 
ment technical supervision as is necessary to- 
accomplish this end. 

2. The preservation of property. 


Responsibility of the Corps of En- 
gineers is further set forth in W. D. Cir- 
cular 178 as follows: 


“d. Engineers— s 
(1) Under the direction of the Commanding Officer 
the technical supervision and execution of work 
and such construction and maintenance, including 
screening on real property as is required to effectu- 
ate control measures (other than ordinary house- 
keeping by troop units or individuals as provided 
in par. 3) necessary for the protection of health in 
connection with environmental factors of insects, 
rodents, or other vermin is charged to— 

(a) Post Engineers—Posts, camps, stations, 
ports and other military installations in the Conti- 
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nental United States and the Northwest Service 
Command. 
(b) Unit Engineers—in the field. 
(2) This work will be performed in accordance 
with recommendations of the Surgeon and will 
include eradication of pest sources on real property 
such as mosquito control work, involving the 
drainage of swamp areas, ditching, spreading oil, 
fumigation of buildings, certain construction, and 
similar work. This work also will include the pro- 
curement, purchase, storage and issue of all 
specialized supplies, including materials and 
equipment (separate from that furnished by the 
other technical services) as are needed for its ac- 
complishment and are used predominantly by 

Engineers.” 

Responsibility for pest control in the 
Army is clear. The work of the Medical 
Department is to recommend control 
measures and may include investigations 
of the life history and habits of pests af- 
fecting the health and morale of troops. 
This also includes laboratory services for 
the determination of species of mosquitoes 
and other pests, and surveys requested 
by the Post Surgeon. Work of the Corps 
of Engineers is to execute control meas- 
ures recommended. It is obvious, there- 
fore, that close cooperation should exist 
between these services in work pertaining 
to pest control. Cooperation and liaison 
does exist in a most satisfactory manner, 
and the work has been organized in the 
Service Commands more effectively to 
apply control measures. 

ORGANIZATION OF Work.—Work of the 
Corps of Engineers on real property and 
to suppress outbreaks in troop organiza- 
tions is concerned with the following 
pests: mosquitoes, flies, cockroaches, bed- 
bugs, rats, ants, fleas, termites, Japanese 
beetles, chinch bugs, chiggers, white 
grubs, browntail moths, ticks and sand 
flies. The Medical Department is responsi- 
ble for the control of lice on Army per- 
sonnel. 

The work is planned and organized by 
a responsible head of the project “Insect, 
Rodent and Other Vermin Control” in the 
Office of the Chief of Engineers. These 
duties include the formulation of policies 
for carrying out the work in Service Com- 
mands and are briefly summarized as 
follows: 

a. To promote and coordinate insect 
and rodent control. 

b. To render technical assistance, pre- 
pare field manuals, or other instructions 
regarding pest control. 

c. To prepare and review budget esti- 
mates for the work. 
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d. To maintain satisfactory liaison be- 
tween the Corps of Engineers and the 
Office of The Surgeon General, the Public 
Health Service and The Quartermaster 
General in matters pertaining to insect 
and rodent control. 

Provision is made for the appointment 
of entomologists at Headquarters of the 
Service Commands. Duties in this con- 
nection are to direct and supervise the 
execution of insect and rodent control 
work by Post Engineers. Qualifications 
of the men appointed include a broad 
training in the biological sciences with 
special work in entomology, and satisfac- 
tory experience in fields of applied pest 
control. 

Organization in the Service Commands 
has made excellent progress. Satisfactory 
personnel for handling the work has been 
difficult to find. There is a dearth of en- 
tomologists with experience who can be 
transferred from present duties. A consid- 
erable number have been commissioned 
for duty in the Sanitary Corps and many 
are now overseas. Many entomologists in 
this country are engaged in pest control 
work on vital crops of food and fiber, and 
it is unwise to request transfer of these 
men. 

Conferences and schools have been held 
in the Service Commands for the training 
of Post Engineer personnel in the ap- 
proved methods of insect and rodent con- 
trol. The Medical Department rendered 
excellent assistance in this connection. 
Training periods were devoted principally 
to the fumigation of Army buildings, and 
mosquito control. Following the periods 
of basic instruction ranging in length from 
3 to 7 days, additional technical assistance 
was rendered at the post. 

PERSONNEL FOR Pest Controi.—Per- 
sonnel on the staff of the Post Engineer 
receiving sufficient training to meet with 
the approval of the Post Surgeon and the 
Post Engineer, are placed in charge of 
duties such as fumigation of buildings, 
mosquito control, rodent control, fly con- 
trol, ete. All possible safety precautions 
for the use of poisonous insecticides and 
toxic fumigants are taken and every possi- 
ble safeguard is used. The obtaining of 
satisfactory personnel at the post for con- 
ducting this work has been a serious prob- 
lem. In conducting the programs of work 
Post Engineers have received assistance 
from the following sources: 
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a. Sanitary companies on posts where 
such units are stationed for training. 

b. Appointment by civilian personnel 
of Pest Control Foremen on the staff of 
the Post Engineer. 

c. Fire department employees on small 
posts for fumigation of buildings where 
such work will not interfere with regularly 
scheduled duties. 

d. Enlisted men with experience in pest 
control assigned on a temporary basis to 
the office of the Post Engineer. 

e. Men on the staff of the Post En- 
gineer willing to assume extra duties in 
connection with pest control work. 

COOPERATION OF GOVERNMENT AGEN- 
cies.—In addition to the help received 
from the Medical Department the Corps 
of Engineers have developed a plan of 
cooperation whereby specialists of the 
Bureau of Entomology and Plant Quaran- 
tine of the U. S. Department of Agricul- 
ture, can assist with the control of insect 
pests, and the Fish and Wild Life Service 
of the U. S. Department of the Interior 
with rodent control problems at Army 
posts. An example is the agreement 
worked out with the Bureau of Entomol- 
ogy and Plant Quarantine for assistance 
with Problems of termite control. Provi- 
sion has been made for Post Engineers at 
Army posts to request through Service 
Command Headquarters, the services of 
specialists from the Bureau to visit the 
posts, camps and stations to assist with 
the problem. The assistance rendered is to 
include the following: 

a. To give instruction in the technique 
of inspection for termites. 

b. To recommend control measures and 
render technical assistance with the appli- 
ration of same. 

c. To advise on all control measures 
applied, and 

d. To make recommendations regard- 
ing the prevention of serious wood decay 
and termite damage. 

One specialist was designated by the 
Bureau to handle the work in each Service 
Command. Agreements of this type have 
been worked out also for insect pests of 
airfield runways and hospital grounds, and 
for rodent control. This help is appreci- 
ated and is expected to result in econo- 
mies and increased efficiency in the appli- 
cation of control measures. 

GENERAL SumMARY OF Resutts.—The 
progress made with the program has been 
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most satisfactory. Increased efficiency and 
improvement of methods of executing 
control measures resulted in substantial 
savings and gave a higher degree of pest 
control. 

The greatest total economies have been 
effected with the expenditures for mos- 
quito control while the greatest reduction 
in unit costs is for the fumigation of army 
buildings. 

Beneficial results of the program to date 
are briefly summarized as follows: 

Conferences held in the Service Com- 
mands were of great educational value to 
Post Engineers and Post Surgeons and the 
staffs of these organizations. 

Better coordination has resulted be- 
tween those responsible for pest control 
in the Corps of Engineers and the Medical 
Department. 

Methods of procurement and storage of 
materials needed for the control of insects 
and rodents have been developed in order 
that prompt and more efficient service is 
rendered. 

Training courses in approved methods 
of fumigation have enabled Post En- 
gineers to assign this duty to men on the 
staff at most Army posts in the Continental 
United States and the Northwest Service 
Command. 

Results of the work to date have made 
possible the preparation of a Guide for 
Post Engineers for Insect, Rodent and 
Vermin Control. This Guide is now in 
press and contains selected recommenda- 
tions pertaining to the control of insects, 
rodents and other vermin as functions of 
the Post Engineer. Recommendations 
given pertain to mosquito control, the 
control of flies, bedbugs, cockroaches, the 
disinfesting of buildings by fumigation, 
and control measures for rodents. It is ex- 
pected the guide will be revised and 
brought up to date at periodic intervals. 
Also that additional aids will be prepared 
for the guidance of the Post Engineer. 

The Corps of Engineers would like es- 
pecially to express appreciation of the 
help and assistance of Dr. F. C. Bishopp 
United States Department of Agriculture, 
Bureau of Entomology and Plant Quar- 
antine and Professor J. J. Davis, Purdue 
Agricultural Experiment Station, Lafay- 
ette, Indiana, whose council and advice 
were sought in the selection of personnel 
and the outlining of policies regarding 
pest control work.—12-7-43. 





Tests of New Agricultural Crop Insecticides’ 
FE. R. McGovran, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The search for new agricultural crop in- 
secticides has been carried on as organized 
research by various groups, and also by 
individuals who try this or that material 
which is at hand to control whatever in- 
sect pests happen to be doing damage at 
the moment. In the organized program as 
carried on at the Beltsville Research Cen- 
ter, the Sanford, Fla., Laboratory, and 
other field stations of the U. S. Depart- 
ment of Agriculture, as well as at the 
State agricultural experiment stations and 
in some commercial laboratories, new ma- 
terials are systematically selected, pre- 
pared, and tested. These materials are 
tested on from one to a dozen insect pests 
of agricultural crops, depending on their 
availability and the toxicity of the sample. 
Initial laboratory tests are made on all 
samples, and on those that show toxicity 
more extensive work is done on additional 
insect pests. 

Fortunately this search has been going 
on for a number of years, because when 
the war suddenly limited the supply of 
many of the widely used insecticides, not 
only was considerable information avail- 
able, but means were at hand, and in fact 
already in operation, for determining 
which of the many new materials that 
were proposed were really suitable for use 
as agricultural insecticides. 

Of the many materials tested during the 
present emergency, 2,2-bis(parachloro- 
phenyl)1,1,1-trichloroethane, called DDT, 
is outstanding in its performance. The in- 
secticidal use of this material is reported 
to have been discovered in Switzerland, 
and patents on it have been issued in 
Great Britain and the United States 
(Geigy 1942 a and b, Miiller 1943). 

While some results with DDT have 
been excellent, it is well to reserve final 
judgment on an agricultural crop insecti- 
cide until it has been under test in a num- 
ber of localities and for a number of 
seasons. Most entomologists who have 
tested insecticides over a period of years 
have had experience with a new material 
that looked fine for a season or two and 
failed completely the next season. This is 
not to suggest that DDT will fail, but is 
just a note of caution. 


! Presented as a part of the Columbus Symposium, 1943. 


DDT has given good results on some 
insects and poor results on others. Since 
it is now being actively investigated, any- 
thing that is said at this time will soon be 
superseded by more complete information. 
It may be of interest, however, to indicate 
along broad lines what can be expected 
from this material.? It is reported as ef- 
fective as a spray against Japanese beetle 
adults and codling moth and European 
corn borer larvae. In laboratory tests a 
dust containing a low percentage of DDT 
applied to plant foliage was highly toxic 
to six other species of lepidopterous larvae 
that attack agricultural crops. DDT was 
also highly toxic to Colorado potato beetle 
larvae, the blister beetle Epicauta lem- 
niscata (F.), the harlequin bug, the squash 
bug, the corn leafhopper Peregrinus maidis 
Ashm., and the garden flea hopper. It was 
not highly toxic to Mexican bean beetle 
larvae. As a dilute dust it was less effective 
than rotenone or nicotine against the tur- 
nip aphid. It was reported as unpromising 
against the pea weevil. Although effective 
against the bollworm, it was relatively in- 
effective against the boll weevil, the cot- 
ton aphid, and the cotton leaf worm. It 
was reported to be toxic to the honeybee. 
Dosages, concentrations, and other fac- 
tors are too variable to give these reports 
more than a qualitative value. 

Application to growing plants indicated 
that it possessed satisfactory residual tox- 
icity. Growing vegetable plants tolerated 
DDT in quantities in excess of effective 
insecticidal deposits, but fruit crops are 
reported to show some injury. 

While the exact toxicity of DDT to man 
has not been established, it is safe to as- 
sume that it is more or less toxic. Until 
the toxicity is established, DDT should be 
handled in such a way as to avoid as far 
as possible ingestion, inhalation, and ab- 
sorption of the material. 

Phthalonitrile is another material that 
has been shown (Schechter and Haller 
1940, Swingle et al. 1941) to be toxic to 
a number of insect pests when applied un- 
diluted as a dust to plant foliage in labora- 
tory tests. It was found to be highly toxic 


2 The work on DDT mentioned here has been done in various 
laboratories of the Bureau of Entomology and Plant Quarantine, 
and has been reported earlier in this Journal. 
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to eight species of lepidopterous larvae 
that feed on crops. Colorado potato beetle 
larvae also were readily killed, but it was 
not effective against the Mexican bean 
beetle. When applied to growing plants, 
it remained effective for 4 days and was 
tolerated by plant foliage. 

1,4-Diphenyl semicarbazide (Gahan et 
al. 1941; Freeman 1942) was found to be 
highly toxic as an undiluted dust on plant 
foliage in laboratory tests. It killed a high 
percentage of six species of lepidopterous 
larvae that feed on crop plants. It was 
very repellent to two other species but 
caused only low mortality. Against two 
additional species it was practically non- 
toxic. It remained effective for 10 days 
when applied to growing plants and was 
tolerated by most of the plants to which 
it was applied. 

A mixture of 1,3-dichloropropylene and 
1,2-dichloropropane, called DD, when ap- 
plied to the soil, was reported (Carter 
1943) as being toxic to a species of soil- 
infesting larvae of the oriental beetle and 
to the root knot nematode. 

Some other synthetic organic materials 
that have shown toxicity to crop pests are 
aminoazobenzene hydrochloride (Phillips 
et al. 1941), paraphenylazoaniline (Vivi- 
an and Haller 1938, Swingle et al. 1942), 
acetone semicarbazone (Haller 1942), 
parabromobenzenesulfonamide,' 2,4-di- 
methyl-3-pentanone semicarbazone,' and 
4-methyleyclohexanone semicarbazone.! 
Extract from the Mexican plant called 
Cockroach Plant, Haplophyton cimicidum 
(Plummer 1938), has recently been pre- 
pared, which is toxic to a number of crop 
pests. Preparations of yam bean, genus 
Pachyrrhizus, have also been reported as 
toxic (Hansberry & Lee 1943). Additional 
materials that are toxic to insects are men- 
tioned by Smith (1942) and probably by 
others. While most of these synthetics are 
comparatively new to the field of insecti- 
cides, the plant materials have been 
known for some time to have toxic action 
on some insects. 

These examples illustrate that a number 
of materials will kill insects, but the gap 
between a material that will kill insects 
and a practical insecticide is often wide. 
It is almost certain that not all these 
materials will become practical insecti- 

1 The insecticidal properties of these materials have been 
-studied mainly at the Sanford, Fla., laboratory of the Bureau of 


Entomology and Plant Quarantine. The toxicological data have 
been submitted for publication in the Bureau's E series. 
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cides. Some may not be tolerated by crop 
plants in insecticidal quantities. The cost 
may be too high. At the present time the 
cost of many of them is too high to justify 
their use in the commercial control of in- 
sects. Further development of production 
and demand for any of these materials 
probably will reduce their cost. 

In addition to these considerations, 
there are other factors that may prevent 
a toxic material from becoming a com- 
mercial insecticide. One of these factors is 
stability. Another important factor is 
specificity of toxic action. Obviously a 
material that is toxic to many species, in- 
cluding a number of major pests, will be 
more quickly adopted as an insecticide 
than a material whose toxicity is re- 
stricted to a few minor pests. 

A striking example is the action of pow- 
dered derris root and 1,4-diphenyl semi- 
carbazide on the southern armyworm and 
the imported cabbage worm. The southern 
armyworm is very resistant to ground 
derris but succumbs readily on foliage 
treated with 1,4-diphenyl semicarbazide. 
In direct contrast to this, the imported 
cabbage worm is readily killed by derris 
but practically unaffected by powdered 
1,4-diphenyl semicarbazide. Although it 
is preferable to discover new insecticides 
that are toxic to a large number of insect 
pests, the use of materials that are effec- 
tive against only a few species may be 
worth while provided they are very highly 
toxic. Two or more materials that are 
specific in their action could be combined 
to control several insects attacking some 
crop or group of crops. In fact, this princi- 
ple is already being employed with well- 
known insecticides, and also in controlling 
different stages of the same insect, as when 
ovicides are combined with larvicides. 
Some of the new materials may fit into 
such combinations. 

Besides the demand for substitutes for 
insecticides that have become scarce since 
the war began, other situations are bring- 
ing a growing demand for new matérials 
to replace the old. The poisonous residues 
on food crops are too well known to re- 
quire any discussion at this time. The 
reduction in effectiveness of insecticides 
that were once satisfactory brings up an- 
other problem. Quayle (1943) has studied 
this problem, and his data, which cover 
a wide range of insecticidal treatments, 
indicate that certain insect populations 
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are more resistant now than formerly. In 
such cases the resistant strain of insects 
may be readily controlled with a new in- 
secticide or combination of new and old 
insecticides. A new method of application, 
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such as the insecticidal aerosol, may also 
be useful in mitigating the damage from 
insect populations that are no longer read- 
ily destroyed by the old methods and 
materials.—12-7-43. 
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Insecticidal Aerosols! 


Lyte D. Goopuve, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


At the beginning of this war the applica- 
tion of insecticides by our armed forces 
was for the most part made by the same 
methods used 25 years ago in World War 
I. Little attention had been given to im- 
provements, although development of 
better methods for the control of many in- 
sects affecting man was recognized as an 
important problem by those working in 
preventive medicine. The control of the 
anopheline mosquitoes to prevent the 
spread of malaria was particularly im- 
portant. Col. P. A. Russell, working in 
India, took advantage of the 2-week in- 
cubation period of the malaria parasite in 
the mosquito and controlled this disease 
by killing the adult insect before it was 
able to spread the infection. This step 
placed new emphasis on the control of the 
adult mosquito, but still the old-type oil- 
base spray was the only available insecti- 
cide. 


1 Presented on the Columbus Symposium Program, 1943. 


Even before the present emergency 
arose, experimental work was in progress 
to develop better methods of applying the 
spray-type insecticide. Goodhue and co- 
workers suggested the idea of eliminating 
liquid carriers entirely and suspending the 
insecticide in the air as a smoke. These 
smokes were called insecticidal aerosols 
because aerosol is the scientific term for a 
smoke or fog. In this form the insecticide 
stays suspended and active much longer 
than a spray, which settles completely in 
about 2 minutes. By keeping the insecti- 
cide suspended the efficiency is greatly in- 
creased, 

Several phases of this work have been 
described in previous publications. This 
paper is a summary of these with the addi- 
tion of recently collected data. 

Several methods of producing insectici- 
dal aerosols were tried. At first a concen- 
trated solution of the insecticide was 


sprayed onto a hot surface (375° C.), 
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which formed an aerosol by the volume- 
condensation method. Use of mechanical 
energy instead of heat, in the Phantomyst 
machine, is another method of producing 
aerosols. Both these methods require con- 
siderable equipment which is inconvenient 
to use or difficult to obtain. A_ third 
method employing the energy stored in a 
liquefied gas proved to be the most favor- 
able. 

The basic principle of the liquefied-gas 
method is very simple. The insecticide is 
dissolved in the liquid, which is necessarily 
under considerable pressure, and the re- 
sultant solution is released through a small 
orifice into the atmosphere. The sudden 
change in pressure allows the solution to 
boil violently and disperse the insecticide 
in the air as a colloidal suspension. 

The selection of a suitable liquefied gas 
is very important. Dichlorodifluorometh- 
ane, commonly known as Freon-12, is the 
best of all known compounds. It is non- 
toxic to man and animals, nonflammable, 
has a convenient pressure, a low heat of 
vaporization, and a low surface tension. It 
has the disadvantage of being a poor sol- 
vent for many insecticides, but a mutual 


solvent can be used. The development of 


Freon-12 for refrigeration purposes is 
largely responsible for the success of this 
method. 

Methyl chloride is the next best pro- 
pellent solvent, but its toxicity requires 
that it be used very cautiously in the 
presence of man. It is a more general sol- 
vent for insecticides than Freon-/2. It is 
only weakly flammable. Dimethyl! ether 
and propane produce good aerosols but 
they are too flammable to be practical for 
general use. However, all these gases can 
be used to dilute Freon-12 up to the point 
of flammability. 

The formula of the aerosol solution 
most extensively used consists of pyreth- 
rum extract (20 per cent total pyrethrins) 
and sesame oil dissolved in Freon-12. At 
first 1.0 per cent of total pyrethrins and 
2.0 per cent of sesame oil were used, but 
this formula has been changed to conserve 
pyrethrum. The reduction in the pyreth- 
rins content has decreased the effective- 
ness of the aerosol to flies, but steps are 
being taken to find other materials that 
may be added to correct this deficiency. 
Considerable pyrethrum ,to give a para- 
lytic action should always be retained in the 
formula. 
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The preliminary work on the aerosols 
was done at Beltsville and about the time 
the war broke out the method was demon- 
strated to the Army. They were shown 
that extremely small dosages were very ef- 
fective against mosquitoes. Material was 
furnished to be tested by them and in a 
short time the Preventive Medicine Divi- 
sion in the Surgeon General’s Office 
recognized the aerosol as an answer to a 
need for a good mosquito insecticide. 

Our experimental equipment used for 
laboratory tests was not suitable for the 
field, and from then on the development of 
the practical use of the aerosol became a 
container problem. Engineers especially- 
skilled in the handling of liquefied gases 
were called in by the Army and this Bu- 
reau. In a short time a large electrical 
company using Freon in household refrig- 
erators developed a dispenser acceptable 
to the Army. Three other companies have 
now produced acceptable dispensers. 

The removal of Freon-insoluble material 
from pyrethrum extract was another prob- 
lem. While the pyrethrins themselves are 
soluble in Freon, the extract contains cer- 
tain insoluble substances which cause 
difficulty in the manufacturing of the 
aerosol solution and may prevent the op- 
eration of the dispensers. All the leading 
extractors of pyrethrum now produce ex- 
tracts containing 20 per cent by weight 
of total pyrethrins with very little Freon- 
insoluble material. Some of these extracts 
are very high in quality. They are nearly 
colorless, their Freon-insoluble content is 
less than 1.0 per cent, and when applied in 
aerosol form they have a pleasant odor 
with practically no irritation to the nose 
and throat. Their development represents 
a great advance in the commercial produc- 
tion of pyrethrum extracts. 

Other manufacturing problems, such as 
corrosion of the container by acidic mate- 
rial or water, the formation of crystals in 
the solution, and many other difficulties, 
have been overcome. All these operations 
are new and many unforseen problems had 
to be solved. 

The insecticide in these dispensers is 
recommended for use on all airplanes to 
prevent the spread of disease-carrying in- 
sects, particularly mosquitoes. It is now 
used by the Pan American Airways. This 
compact package of concentrated insecti- 
cide is well suited for airplane fumigation. 
It has the advantages of being nonflam- 
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mable and nontoxic to man and requiring 
no supplemental power or spray equip- 
ment. 

For the same reasons the aerosol is well 
suited for use on our remote battle fronts 
in malarious countries. It can be used in 
barracks, tents, and fox holes. One pound 
of this solution is more effective than 2 
gallons of the old type fly spray and there- 
fore the shipping space for insecticide is 
greatly reduced. 

A very large number of 1-pound dis- 
pensers have now been manufactured. To 
meet this great demand, increases have 
been made in the production of Freon, and 
plant expansion is under way. There ap- 
pears to have been little difficulty in ob- 
taining enough sesame oil. The supply of 
pyrethrum now seems to be the only 
factor limiting the amount of aerosol 
solution that can be produced. Nearly all 
the available pyrethrum is going into the 
aerosol. 

Substitutes for the constituents of the 
aerosol have, of course, been under inves- 
tigation. Before the production of Freon- 
12 was increased, diluents such as those 
previously mentioned were considered. 
Work is now in progress in cooperation 
with the Bureau of Mines to determine 
how much propane and butane can be 
added to Freon without producing a flam- 
mable mixture. Dimethyl ether is also 
being tested as a diluent. Although dil- 
uents may not be needed at this time, 
their use after the war can reduce the cost 
of aerosol manufactured for civilian use. 

Pyrethrum is invaluable in the aerosol 
and no substitute has been found for it. 
However, the supply can be extended by 
supplementing it with certain other ma- 
terials. 

Research on the physical properites of 
aerosols has produced much valuable in- 
formation. The spraying properties of the 
solution are very important, since the 
efficiency of the aerosol is dependent on 
how it is formed. Liquid insecticides are 
the best suited for use in aerosols but 
solids can also be applied if they are dis- 
solved in a good high-boiling solvent. 
Without the solvent the solid will be de- 
posited at the spraying orifice and stop- 
page usually occurs. Liquid insecticides, 
or solutions of solids, do not coagulate so 
rapidly after being suspended in air and 
they may have a more rapid physiological 
action on the insect. The high-boiling sol- 
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vent may also increase the solubility of 
the insecticide in the liquefied gas. 

The solubility of a substance in the 
liquefied gas is an important considera- 
tion. Aerosols are produced only from true 
solutions in the liquefied gas, not from 
colloidal suspensions. A pressure test-tube 
assembly has been devised for solubility 
studies. The assembly includes a frame 
made from a piece of half-inch pipe, with 
long slots cut in the sides and threads on 
the inside of each end, cut with a three- 
eighths-inch pipe tap. A Y-valve with a 
gasket is fitted in one end, and a heavy 
walled test tube is introduced and held in 
place by a screw plug and a rubber cush- 
ion at the other end. This piece of equip- 
ment is indispensable in work of this kind. 
It is as useful as is the common test tube in 
general laboratory practice. 

The particle size of the aerosol can be 
controlled very easily by the amount 
of nonvolatile material included. When 
Freon-12 is used, the optimum particle 
size appears to be that produced by 15 
per cent nonvolatile material. Substances 
of intermediate volatility add to the par- 
ticle size but not in proportion to the 
amount added. A method of determining 
the settling rate, which is a measure of 
particle size, of aerosols has been de- 
scribed. A dyed solution is sprayed into a 
chamber where glass plates are uncovered 
at regular intervals. After the aerosol has 
settled completely the residues on the 
glass plates are dissolved in acetone and 
the amounts determined colorimetrically. 
Curves are plotted that show the aerosol 
remaining in suspension at any time. 
Comparative settling rates by this method 
give a good measure of the spraying char- 
acteristics of the aerosol solution. 

Liquefied gases, which are necessarily 
held in closed containers, are present in 
both the liquid and gaseous phases, since 
no container can be filled to capacity with 
liquid, because it would burst by thermal 
expansion. The saturated vapor above the 
liquid has considerable weight and must 
be taken into account when the solutions 
are prepared, transferred from one con- 
tainer to another, or even during dis- 
pensing of the solution if the exact 
concentration is needed. As the solution 
is discharged from the container the con- 
centration of what remains increases, un- 
til 8 per cent is gained with 90 per cent of 
the solution removed. 
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The vapor-pressure lowering caused by 
a solute such as sesame oil in Freon was 
determined by a differential manometer 
method. The lowering is so slight that it is 
of no consequence in the practical use of 
the aerosol. Fifteen per cent of oil reduces 
the pressure by only 36 mm. out of a total 
pressure of about 5000 mm. 

Two methods have been used to deter- 
mine the density of liquefied gas solutions. 
One method employs a small hydrometer 
in the pressure test tube described above. 
This gives very accurate results. Another 
special type of pyknometer was developed 
for less accurate determinations. The 
density of a solution is important in cer- 
tain calculations especially those involv- 
ing the capacity of a container. 

The surface tension of an aerosol solu- 
tion is important. The lower the surface 
tension, the less is the energy required to 
disperse the material. The visocosity is 
also a factor acting in the same direction. 
As yet these characteristics have not been 
investigated in this laboratory. 

Aersols can be tested on flies and mos- 
quitoes by the Peet-Grady method. Spe- 
cial dispensing equipment must be used 
for the liquefied gas solutions. The pres- 
sure test tube described above can be 
calibrated and used for this purpose. The 
best method of calibration is to dispense 
a dyed aerosol solution into acetone and 
determine the amount actually discharged 
colorimetrically. This corrects for changes 
in the concentration of the solution in the 
dispenser and the loss on the walls of the 
tube. A more complicated dispenser is to 
be described in another paper. 

Tests can also be made directly from the 
aerosol dispenser in large rooms using 
caged insects. By this method the aerosol 
is dispersed before a fan and mixed for a 
minute or two before the exposure is 
made. The caged insects are either carried 
about the room or the fan is left running 
to circulate the air. The kill is very low 
unless the insecticide-laden air circulates 
through the cage. 

Pyrethrum in aerosol form is about 
twice as toxic as when applied in a spray 
against normal flies. The rate of knock- 
down is slower for the aerosol. Starving 
very resistant flies reduces their resist- 
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emg to sprays more rapidly than to aero- 
sols. 

Many different insecticides have been 
tested in aerosol form. Among these are 
the thiocyanates, nicotine, rotenone and 
derris resin, phenothiazine, phenoxathiin, 
K-604 and many others. Most of these 
were tested on greenhouse insects. Nico- 
tine applied by this method is twice as 
effective as when applied as a burning 
mixture. Lorol thiocyanate proved to be a 
good control for the cyclamen mite on 
snapdragons. 

Some of the other practical applications 
of the aerosol should be mentioned. One 
large-scale experiment showed that mos- 
quitoes and flies can be cleaned out of a 
27-million-cubic-foot factory without in- 
terrupting the regular work. Next year 
this method is expected to be extensively 
tested in such large factories. 

The aerosols have a good field for appli- 
cation against greenhouse insects. In 
closed spaces the aerosol can be retained 
longer and the greatest effectiveness is 
realized. Less expensive propellents than 
Freon, such as methyl chloride, are suit- 
able since most of the insecticides will be 
toxic to man anyway. Methyl chloride 
gave better results when Lorol thiocyanate 
was applied against the cyclamen mite, 
but it reacts with nicotine, and Freon must 
be used. None of the propellents are used 
in amounts sufficient to give a fumigating 
action or injure plant foliage. 

Aerosols having a rapid settling rate 
have been tested on outdoor garden plots. 
Very good results were obtained and the 
large-scale application to some field crops 
appears feasible. 

Some fungicides are easily applied in 
aerosol form. Certain germicides for the 
sterilization of the air in rooms can also 
be applied by the liquefied gas method. 
Considerable work has been done on germ- 
icidal aerosols produced by other methods. 

Many possible applications are seen for 
aerosols. Some of these will be developed 
while others will not go beyond the ex- 
perimental stage. Whatever happens, it 
has already been found that the aerosol is 
a practical military insecticide, and if no 
other use is made of it this one is an ample 
reward for the effort spent in the develop- 
ment of the method.—12-8-48. 














New Agricultural Crop Insecticides' 
H. L. Hatuer, U.S.D.A, Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The war has caused a serious shortage 
of many materials, among which those 
used to make insecticides and fungicides 
are not the least important. Money may 
be invested in land, seed, fertilizer, ma- 
chinery, and labor to grow grain, vege- 
tables, and fruit, but some crops cannot 
be produced successfully unless insecti- 
cides are available; therefore, money and 
effort spent in attempting to do so are 
wasted. The estimated loss of an average 
of one-tenth of all food and fiber crops to 
insects, a loss that would be much greater 
if liberal quantities of insecticides were 
not used, is serious even in normal times; 
in times like the present, with military and 
lend-lease food requirements added to the 
usual consumer needs, it could easily be- 
come a major obstacle in meeting our 
wartime agricultural goals. 

In normal times a wide variety of both 
inorganic and organic chemicals in the 
form of dusts, sprays, or gases are used as 
agricultural insecticides. The inorganic 
arsenicals (chiefly lead arsenate and cal- 
cium arsenate) and cryolite are still the 
most extensively used insecticides; sulfur, 
copper, and mercury compounds are the 
most important fungicides; and derris, 
lonchocarpus, nicotine, and pyrethrum 
are the important plant insecticides. Syn- 
thetic organic compounds have been used 
only to a limited extent as agricultural 
insecticides. 

The inorganic materials mentioned 
above also find extensive use in modern 
warfare, and pyrethrum and rotenone- 
bearing materials are imported products. 
Practically all the pyrethrum used in this 
country comes from Africa and about one- 
half of the rotenone-bearing plant ma- 
terial imported before the fall of Singa- 
pore came from Asia. 

With the diversion of large quantities 
of the inorganic materials for immediate 
war production and the great curtailment 
of imports of plant insecticides, it becomes 
obvious that we are far from self-suffi- 
ciency in the matter of chemicals for fight- 
ing insect pests. What substitutes are to 
be used? The question was engaging the 
attention of numerous investigators be- 


1 Presented as a part of the Columbus Symposium, 1943. 


fore the present war began. Lead, arsenic, 
and fluorine are toxic elements, and the 
use in the past of more than 150 million 
pounds annually of arsenical insecticides, 
much of which has been applied to fruit 
and vegetables, is of considerable concern 
to health authorities. Since the use of 
other inorganic compounds would also 
leave residues that might be health haz- 
ards, the search for substitutes and for 
new insecticides has been directed toward 
the utilization of organic compounds. 

Organic insecticides may be divided 
into two broad classes: (a) those of plant 
origin; and (b) those prepared syntheti- 
cally. 

Of the four plant materials used as com- 
mercial insecticides only nicotine is pro- 
duced in this country. The normal supply 
of this alkaloid has been supplemented 
through the activities of the program of 
the United States Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering. 
Nicotine is used both as the free alkaloid 
and in the form of its salts, of which nico- 
tine sulfate is the most important. For 
many purposes a water-insoluble nicotine 
preparation is desired. In recent years so- 
called fixed nicotines, in which nicotine is 
mixed with bentonite, tannic acid, que- 
bracho, peat, and other materials to 
form complexes, either by adsorption or 
compound formation, have been de- 
veloped. Water-insoluble nicotine prepa- 
rations have also been made in which 
nicotine has been combined with copper 
and an acid, such as benzoic, salicylic, or 
thiocyanic. 

As the free alkaloid, nicotine has been 
used to control aphids on pea vines by 
applying it in the form of aerosol under a 
canvas canopy. The aerosol is obtained by 
allowing a solution of nicotine in mineral 
oil to drop into the hot exhaust pipe of the 
vehicle pulling the canopy over the field. 
Recently an important improvement has 
been made in the method of applying free 
nicotine in aerosol form. The nicotine is 
dissolved in a liquefied gas, such as di- 
chlorodifluoromethane (Freon-12), and 
when the pressure on the solution is re- 
leased the escaping freon carries with it 
the alkaloid dispersed in very finely di- 
vided form. Nicotine applied in this man- 
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ner against aphids and cyclamen mites in 
greenhouses has been found to be twice as 
effective as when applied by conventional 
methods. 

Closely related to nicotine are the alka- 
loids anabasine and nornicotine. The 
former occurs in the wild tree tobacco, 
Nicotiana glauca, which is widely distri- 
buted throughout our Southern and 
Southwestern States, and the latter is 
found in certain varieties of common to- 
bacco. Both these alkaloids merit further 
study as agricultural insecticides and may 
be found useful where nicotine is not ef- 
fective. 

Before the fall of Singapore, all the der- 
ris, or about one-half of the rotenone- 
containing plant material imported, came 
from the Dutch East Indies and British 
Malaya. With the cessation of imports 
from these sources, attempts were made 
to find domestic sources of rotenone and 
rotenoids. These compounds occur in 
certain varieties of devil’s-shoestrings, 
Tephrosia virginiana, which grows abun- 
dantly throughout the South and the 
Southwest; however, in most of these 
plants the insecticidal content is too low 
to justify commercial utilization, even at 
the present time. Two other plants that 
have received publicity as possible sources 
of rotenone for the present emergency are 
Amorpha fruticosa and the yam bean, 
Pachyrhizus erosus. The former is a legume 
widely distributed throughout the Missis- 
sippi Valley. Examination has shown that, 
although the seed of A. fruticosa gives 
some of the color reactions given by ro- 
tenone, this compound is not present. This 
plant may have insecticidal properties but 
its use as a substitute for Derris or Loncho- 
carpus is not in sight. The quantities of 
rotenone in the yam bean are small but 
further tests with this product seem to be 
indicated from the preliminary results. 

In an effort to extend the limited supply 
of rotenone, experiments based on the ex- 
perience gained in the use of household 
and cattle sprays have been carried out. 
It has been found that certain organic 
compounds produce a synergistic action 
when added to pyrethrum. Synergism 
may be defined as the “cooperative action 
of discrete agencies such that the total ef- 
fect is greater than the sum of the two ef- 
fects taken separately.”” Examples of 


synergists for pyrethrum are sesame oil, 
N-isobutyl undecyleneamide, and ethy- 
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lene glycol ether of pinene. Certain or- 
ganic thiocyanates have also been advo- 
cated for use in this manner. In the field of 
agricultural insecticides, rotenone has 
been tested with vegetable oils and with 
certain organic thiocyanates. The evi- 
dence as to the value of adding these 
materials to dusts is conflicting, some 
workers reporting increased toxicity 
whereas others indicate no increase. The 
use of these and other organic compounds 
in combination with pyrethrum and ro- 
tenone is worthy of further study. 

Efforts have also been made to find new 
plant materials effective as insecticides. In 
preliminary tests extractives of the Amur 
cork tree, Phellodendron amurense, have 
showed some promise against codling 
moth larvae, and extractives of the root 
Tripterygium wilfordii are definitely wor- 
thy of application to chewing insects 
should this plant become available in suffi- 
cient quantities. 

During the last 10 years many syn- 
thetic organic compounds have been 
tested in the laboratory for their insecti- 
cidal value. Most of them are unrelated 
chemically to the pyrethrins, rotenone, 
and nicotine, all of which possess compli- 
cated structural formulas. Nicotine has 
been synthesized in the laboratory, but 
the prospects for its commercial manufac- 
ture are not bright. The pyrethrins and 
rotenone possess such complicated struc- 
tures that there is little hope for their 
synthesis in the laboratory, much less on 
a commercial scale. The pyrethrins, being 
esters, yield on saponification an acid, 
chrysanthemum monocarboxylic acid in 
the case of pyrethrin I and chrysanthe- 
mum dicarboxylic acid from pyrethrin II, 
and the same ketoalcohol, pyrethrolone, 
from both pyrethrins. Pyrethrolone has 
been esterified with acids other than the 
chrysanthemum acids, and the acids have 
been converted into esters with alcohols 
other that pyrethrolone. All the com- 
pounds thus prepared are of little value as 
compared with the pyrethrins. It thus ap- 
pears that toxicity is due to the molecule 
as a whole rather than to some component 
part. That molecules possessing compli- 
cated structure are not necessary for in- 
secticidal properties is demonstrated by 
the usefulness of such relatively simple 
compounds as hydrogen cyanide, methyl 
bromide, ethylene oxide, p-dichloroben- 
zene, organic thiocyanates, and others. 
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The development of new insecticidal 
material, either organic or inorganic, is 
a slow process. The fact is frequently over- 
looked that it has taken more than 40 
years to bring lead arsenate to its present 
stage of development. Several factors 
hamper especially the utilization of or- 
ganic insecticides. Perhaps one of the most 
important factors is the big variation in 
the toxicity of organic compounds to dif- 
ferent insects. Usually insects chosen for 
testing in the laboratory are those that 
can be reared satisfactorily the year round 
and under artificial conditions. Although 
some of these insects may belong to the 
same order or even to the same genus as 
the insects which are agricultural pests, 
experience has shown that it is not possi- 
ble to predict the toxicity of a compound 
to any insect on the basis of tests made 
against another insect. Progress in the 
development of new insecticides would 
proceed much more rapidly if the initial 
testing could always be carried out on the 
specific insect to be controlled. 

Another important factor is the mode 
of application. The physical properties of 
organic compounds, such as solubility, 
wettability, and density, vary greatly, and 
it is not possible to lay down a general 
method of application. Each compound is 
a problem in itself and requires study be- 
fore being applied to the test insect. For 
example, it has been shown that micron- 
ized phenothiazine having a particle size 
of 2-8 microns is a much better insecticide 
than the same compound 10-12 microns in 
particle size. In addition to possessing 
toxicity to insects, new insecticides should 
be noninjurious to foliage, should be com- 
patible with other insecticides, and should 
be harmless to man in the concentrations 
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encountered as residues. None of these 
factors can be predicted; they can be de- 
termined only by experimentation. 

Economics is another important factor 
to be considered and, in general, organic 
compounds are higher in price than in- 
organics. This factor should not influence 
the initial evaluation of a compound, how- 
ever, as the chemical industry has demon- 
strated repeatedly its ability to bring 
down the costs of useful materials. 

During the last few years many mate- 
rials covering a wide range of different 
classes of organic compounds have been 
tested in the laboratories of our Bureau 
and a number have been shown to have 
promise as agricultural insecticides. Of 
these the following especially are deemed 
worthy of further study: Phthalonitrile, 
styrene dibromide, nitrostyrene dibro- 
mide, 1,4-diphenyl semicarbazide, di- 
methyl acridan, diisopropyl ketone semi- 
carbazone, pentaerythrityl bromide, 
dinitrosopiperazine, 4,6-dinitro-o-cresol 
methyl ether, and phenoxathiin. In the 
last year considerable interest has also 
been shown in 2,2-bis(p-chlorophenyl)- 
1,1,1-trichloroethane, known as DDT. In 
Switzerland and in this country this com- 
pound has been tested as an agricultural 
insecticide and found to be worthy of 
further study. 

As with many other products, all the 
compounds listed above show specificity, 
and their usefulness in economic entomol- 
ogy can only be determined by tests 
against a wide variety of insects on differ- 
ent plants and under varying conditions. 

The present emergency has amply 
demonstrated the necessity for continu- 
ous research for new and more effective 
insecticides.—12-8-43. 





William L. Barrett, Jr., writes that he has been 
in the army for more than 2 years; started as a 
private and is now a Captain in the Sanitary Corps. 
He has served in many posts, in this country and 
overseas and is now in England. Address, Capt. 
Wm. L. Barrett, Jr., -0-320205, APO 519, c/o 
Postmaster, New York. 


Mrs. R. B. Eads of Dallas, Texas writes that her | 
husband has recently been promoted to the rank of 

Lieutenant, j.g., and is now serving in the Solomons, 
doing malaria control work. He writes that he is well, 
and is getting lots of interesting and valuable ex- 
perience. 
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Substitutes for Vegetable Insecticides' 


Neate F. Howarp, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Broadly speaking, a substitute insecti- 
cide is one that has come into use since 
Pearl Harbor to take the place of material 
formerly recommended. It may or may 
not be as effective as the insecticide that 
it replaces. The development of sub- 
stitutes is a wartime measure made nec- 
essary by the scarcity of materials or 
equipment used in their manufacture or 
by labor shortages. 

Perhaps most conspicuous in the vege- 
table-insecticide field is the scarcity of 
imported materials, such as derris and 
other rotenone-bearing plants. Prior to 
the war the principal sources of derris 
were the Malay States and the Dutch 
East Indies. Cube and related species 
from South America were far from suffi- 
cient for our needs, although in the past 
year the situation has improved somewhat 
through increased importation. Owing to 
labor shortages the gathering of the roots 
must compete with the collection of natu- 
ral rubber and other strategic materials. 

There is also a scarcity of materials due 
to the requirements of the armed forces or 
of war industries. Pyrethrum, for example, 
is needed by the Army, and copper, ar- 
senic, mercury, and lead are also chan- 
neled for military purposes. A chemical 
used in the manufacture of an insecticide, 
such as phenothiazine, may also be needed 
in the manufacture of munitions. Even if 
the ingredients of insecticides are not of 
military importance, labor and machines 
may not be available for their quantity 
production. Furthermore, the commercial 
production of promising organic chemicals 
requiring complicated procedures and 
skilled workers may be prevented by war 
priorities. All these factors have compelled 
us to seek substitute materials and simpli- 
fied procedures in insect control. 

The most likely substitutes for use on 
vegetable crops are: (1) Calcium arsenate 
for lead arsenate on potatoes, tomatoes, 
and eggplants; (2) within limits, cryolite 
for rotenone on crucifers and beans; 
(3) nicotine for some of the rotenone in 
mixtures used for the control of certain 
aphids; (4) calcium arsenate and cryolite 
for rotenone on cucurbits; (5) dusting 

1 Presented as a part of the Columbus Symposium, 1943. 


sulfur instead of lime-sulfur against the 
potato psyllid; (6) sodium fluosilicate for 
Paris green in cutworm bait; and (7) 
dichloroethyl ether for mercury salts in 
control of cabbage maggots. 

Other promising substitutes, if manu- 
facturing facilities are available, include 
phenothiazine for rotenone in bean beetle 
and cabbage worm control, and dinitro- 
cyclohexylphenol for pyrethrum against 
the potato leafhopper, especially on beans. 
Derris malaccensis, even though very low 
in rotenone, has given good results in field 
and laboratory tests against the Mexican 
bean beetle and other insects. 

The necessity of finding substitute in- 
secticides has resulted in the resurrection 
of old remedies, such as the use of calcium 
arsenate-gypsum mixture instead of ro- 
tenone dusts for the contro] of the cu- 
cumber beetle, and of strong soap sprays 
against cabbage worms. 

This situation has also forced entomolo- 
gists to recommend alternates or remedies 
about which some data are on hand but 
not normally sufficient to warrant prac- 
tical recommendations. It has been neces- 
sary to solve problems hurriedly—to 
attempt in one growing season what would 
normally be spread over several seasons. 
Results of such accelerated programs may 
not be very conclusive unless we are care- 
ful to compare results with workers in 
other states or areas. In this connection, I 
wonder if we should ever issue a recom- 
mendation without consulting the ento- 
mologists, not only in our own state, but 
in neighboring states as well. When possi- 
ble, we should give alternatives. Progress 
in economic entomology would be greatly 
facilitated if small groups of states could 
pool experiences and agree on recommen- 
dations. For example, one of the most gen- 
erally recommended substitutes for the 
arsenicals and rotenone mixtures is. cryo- 
lite, but dosages recommended by differ- 
ent investigators vary widely. Probably 
the greatest contributions being made by 
the Committee on Coordination of Ento- 
mology with the War Effort are the foster- 
ing ~ A exchange of ideas and the encour- 
agement of cooperation in the field. 

The war emergency warrants what may 
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be called trial, or tentative, recommenda- 
tions based on favorable results, even 
though they are not checked so carefully 
as in normal times. For example, three 
years’ experimentation with a dust con- 
taining 1 per cent of dinitroorthocyclo- 
hexylphenol (DN) and 50 per cent of 
sulfur, plus diluent, has given good con- 
trol of the potato leafhopper on beans and 
potatoes. Without large-scale field trials 
we should normally hesitate to recom- 
mend this mixture, but in view of the 
shortage of pyrethrum we must now give 
growers any information that we have. 
The use of dichloroethy] ether against cab- 
bage maggots has also been recommended 
without the usual amount of trial. 

Again, present knowledge of its effec- 
tiveness would warrant the recommenda- 
tion of at least one new compound, and 
possibly others, for the control of impor- 
tant species, but the difficulty of obtaining 
priority for manufacture makes it inad- 
visable to suggest its use. I refer to pheno- 
thiazine, which is useful as a stomach 
poison for the control of the Mexican bean 
beetle and cabbage worms, but is difficult 
to obtain in sufficient quantities for veter- 
inary requirements. 

An important saving of materials can 
be made by attention to methods of appli- 
sation. In applying dusts for the control of 
the Mexican bean beetle on green beans, 
the use of hoods behind the duster makes 
possible a 50 per cent reduction in dosage. 
All of us know that in our experimental 
work we usually obtain a higher degree of 
control than we can expect many growers 
to get. Care in making applications cannot 
be overemphasized. Our lack of efficient 
machinery for many purposes indicates a 
conspicuous need for much research in the 
construction of spraying and dusting 
machines. It is our task to show the en- 
gineer what we need, so that he can de- 
velop new machines. 

Dusts may sometimes be substituted 
for sprays because less time, labor, and 
machinery are required in their applica- 
tion. If the increased tonnage required 
does not interfere with the war effort and 
satisfactory pest control is obtained, such 
a change may be beneficial. For example, 
state workers have learned that in Wy- 
oming sulfur dusts are equal or superior to 
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lime-sulfur and wettable-sulfur sprays for 
the control of the potato psyllid, and ef- 
fect a saving in time and money. 

Sodium fluosilicate is widely recom- 
mended as a substitute for arsenicals in 
poisoned baits for cutworms, mole crick- 
ets, and grasshoppers, but the material is 
not always available locally. In this con- 
nection, it appears that molasses is un- 
necessary in poisoned baits, and this ma- 
terial, of high value during a war period, 
can be omitted from baits. It is our duty 
as economic entomologists to aid in the 
distribution of necessary insecticides, and 
to explain to dealers the uses of materials 
that are unfamiliar to them. 

Our story would be incomplete if we did 
not mention some of the shortcomings of 
our attempts to provide substitutes. Py- 
rethrum, which was recommended as a 
substitute for rotenone for control of the 
cabbage looper and the imported cabbage 
worm, was not always effective; during 
the past season its failure against these in- 
sects was reported in certain valleys in 
southern California. In some instances a 
dust containing 0.5 per cent of rotenone 
did not control the European corn borer 
on sweet corn. Again, in an effort to make 
available supplies go further, and possibly 
owing to a misconception of the value of 
additives to bolster the rotenone content, 
some processors sold dusts with such a 
low percentage of rotenone that they 
failed to control the Mexican bean beetle. 
If a ceiling is placed on rotenone content, 
a floor also appears to be necessary. 

On the whole, the situation has been 
better than many of us anticipated, and 
the entomologists, manufacturers, dis- 
tributors, and dealers have all earned 
commendation. The alertness of the in- 
vestigators who have been searching for 
new insecticides is now appreciated, and 
the accomplishments may well be a fur- 
ther stimulus to continued diligent search 
for new and better remedies. 

The value of a program of continuous 
testing of new materials on a wide variety 
of insects and plants is emphasized at 
this time, even though there may be no 
apparent need for a new insecticide to 
control the insect being used in the test. 
—12-21-43. 
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Substitute Insecticides for Fruit Crops and Ornamentals’? 


Roy Hansperry, Cornell University, Ithaca, New York 


Wartime shortages of some of our most 
widely used insecticides have made neces- 
sary the rewriting of many of our standard 
recommendations for insect control. This 
has often required their expansion to in- 
clude second choice or substitute mate- 
rials. This discussion is an effort to assem- 
ble and report on the successes and fail- 
ures of these second choice materials. 

SupstituTe Mareriats ror Usk on 
Fruir.—In general the fruit growers have 
been more fortunate in the matter of sup- 
plies of preferred insecticides than the 
growers of truck crops or of ornamentals. 
Our two major fruit crops, apples and 
citrus, have generally had adequate sup- 
plies of their first choice materials, namely 
HCN, petroleum oils, sulfur, lead ar- 
senate, nicotine and cryolite. Only in iso- 
lated, comparatively minor cases have 
shortages of pyrethrum or rotenone been 
difficult to replace. 

A pples.—Lead arsenate has so far been 
available in needed amounts. Barring 
large scale chemical warfare, it seems safe 
to assume that near normal supplies may 
continue to be available. In the event of 
the development of local shortages, it may 
be wise to survey the results obtained with 
cryolite and nicotine, since these two ma- 
terials form the second line of defense 
against the codling moth. 

In the Pacific northwest the use of 
eryolite has expanded steadily during the 
past 12 years, until approximately 2 mil- 
lion pounds (nearly one-fourth the total 
insecticidal use) are applied to apple trees 
in Washington state. This continued in- 
crease is due to its high toxicity, and to its 
alleviation of arsenical residue on the fruit 
and in the soil. It is considered in Wash- 
ington state to be equal to lead arsenate 
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pound for pound, dollar for dollar, and at 
any time of the season. 

Much work has been done with cryolite 
in the midwest and east, but the work has 
been less satisfactory. Injury has been re- 
ported from New York and Indiana, and 
unsatisfactory control from the New Eng- 
land states, Ohio and in some years, in 
Indiana. Outside the Pacific northwest, 
nicotine would be a preferred substitute. 

Nicotine is used against the codling 
moth in two forms, in combination with 
bentonite as a fixed, partially insoluble 
compound, and in water soluble form with 
oil. In the east and midwest both forms 
seem to give results as good as those ob- 
tained from lead arsenate. In the so-called 
“non-wash” schedules, nicotine frequently 
replaces the arsenicals for second brood 
sprays in areas of light to moderate cod- 
ling moth infestations. In more heavily 
infested areas nicotine may be used to 
“spike” a “‘wash”’ schedule by adding it 
to arsenical sprays at peaks of codling 
moth activity. In areas of very heavy in- 
festation, such as the Pacific northwest, 
it is not possible to avoid washing the 
fruit by the use of nicotine in second brood 
sprays. During the 1943 season Newcomer 
used a tank mixed nicotine bentonite 
spray made with 8 oz. of nicotine sulfate 
per 100 gallons and obtained control of 
entries equivalent to lead arsenate with 
fewer stings than in the arsenate sprayed 
plots. This shows that under optimum 
conditions nicotine will control codling 
moth efficiently in the northwest. It is not 
a recommended substitute however, 
chiefly because of its higher cost. 

Xanthone has been reported to give un- 
satisfactory control in Indiana, the Shen- 
andoah Valley and elsewhere. In New 
York it offers some promise. Newcomer 
considers it, aside from cryolite, the most 
promising substitute for use in the Pacific 
northwest, particularly since it appears to 
have measurable toxicity to the Pacific 
mite. 

Phenothiazine is not available in suf- 
ficient quantity to be of material assist- 
ance in case of arsenical shortages. Its dis- 
advantages are discoloration and stunting 
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of fruit, rapid loss on weathering, high 
cost, and irritating effects on operators. 
However, it has frequently shown high 
toxicity. For example, in the Pacific north- 
west, where more than 1000 pounds have 
been used in codling moth experiments in 
the last four seasons, less than two-thirds 
the number of wormy fruit occurred on 
plots sprayed with 1 pound of phenothia- 
zine than were found on trees sprayed 
with 3 pounds of lead arsenate. Red ap- 
ples had their color reduced one-third and 
the size of Winesaps and Romes were re- 
duced by 15 per cent. No effect on size of 
Delicious and pears was noted. 

In control of the apple maggot, a serious 
pest in the northeast, no readily available 
substitute has been found for the arseni- 
cals. Cryolite gave almost no control in 
the Hudson Valley in 1943, although 
previously promising results were indi- 
cated. Phenothiazine has high toxicity, 
but is probably not available in large 
enough quantities to be of real help in 
case of shortages. 

According to experiments in Massachu- 
setts and elsewhere the dinitro (DN) 
sprays offer real promise against the 
European red mite on apple. Both the 
D-4 dust and DN-111 spray' gave ex- 
cellent control of this pest, when applied 
on mature foliage at moderate tempera- 
tures to avoid injury. 

Hadley recommends reduced dosages 
of lead arsenate for Japanese bettle con- 
trol on applies and ornamentals only in 
cases of shortages of the arsenate. Lime is 
the only recommended substitute mate- 
rial, using 3 to 5 pounds of aluminum 
sulfate and 20 pounds of lime per 100 
gallons. As a contact spray to control 
Japanese beetles, soap may be used in 
place of pyrethrum. 

MISCELLANEOUS AND SMALL FRuItTs.— 
On November 22, 1943, Food Production 
Order 13, dealing with the agricultural 
uses of rotenone was revised, permitting 
the use of these insecticides on peaches, 
grapes, and small fruits for control of the 
Japanese beetle, on strawberries for the 
spittle bug, on raspberries and other 
brambles for raspberry fruit worm, on cur- 
rants and gooseberries for gooseberry 
fruit worm, for the control of cherry fruit 
flies and the blueberry maggot. The use 
of rotenone was allowed on these crops 


Preparations of the dicyclohexylamine salt of dinitro- 
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mainly because there were no satisfactory 
non-poisonous substitutes. 

The cherry maggot is much easier to 
control than the related apple maggot. 
Gleissner reports cryolite, micronized 
phenothiazine, tartar emetic, and basic 
copper arsenate all to be more effective 
than lead arsenate in the order named. In 
Oregon where molasses bait sprays with 
lead arsenate have been standard, a sub- 
stitute spray is recommended omitting 
the molasses. A spreader is recommended 
with the lead arsenate in this spray. 

Citrus insects in California are gen- 
erally controlled with oils, HCN, nicotine, 
tartar emetic, cryolite and sulfur, all of 
which have so far been available in ample 
quantities. The one exception is the green- 
house thrips, Heliothrips hemorrhoidalis 
(Bouché), on oranges which has been 
controlled with pyrethrum. While nico- 
tine sulfate is a good substitute, a thor- 
ough job of spraying is necessary. Opera- 
tors frequently get sick from the spray and 
refuse to make the applications. Thiocya- 
nate sprays are being used at the present 
time, but results are only about 75 per 
cent as good as with pyrethrum. Sulfur 
dusts are reasonably effective in the con- 
trol of the citrus thrips, Scirtothrips citri 
(Moult.) as a substitute for tartar emetic 
sprays. In Florida there is a tendency to 
substitute dry lime sulfur for liquid lime 
sulfur because of the drum shortage in the 
control of the mites Phyllocoptes oleivorus 
Ashm. and Tetranychus sexrmaculatus 
Riley. In order to save labor, there is an 
increasing tendency to use dusts rather 
than sprays. 

For grape berry moth, Polychrosis vite- 
ana (Clem.), lead arsenate continues to 
be a preferred insecticide. Work in Penn- 
sylvania and New York indicates that 
micronized phenothiazine and _ nicotine 
are the best substitutes and that the 
mechanics of application are extremely 
important. 

Dichloroethyl ether (10 cc. per square 
yard against the larvae and 30 ce. against 
the pupae), and dichloroethyl formol (4 
ce. per square yard against the larvae and 
10 ce. against the pupae) proved as ef- 
fective against the plum curculio on 
peaches as lead arsenate sprays in experi- 
ments in Georgia. The use of cryolite as 
a substitute for lead arsenate against the 
plum curculio on peaches is limited by oc- 
casional fruit injury. 
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There is no satisfactory control for 
cranberry insects in Washington state ex- 
cept pyrethrum and rotenone. Cryolite 
cannot be used in more than two sprays 
under present residue tolerances, and nico- 
tine compounds offer only a very poor 
substitute. 

SupstTituTte MarTeriaAts ror Use ON 
ORNAMENTALS.—Although the growth of 
ornamental plants is not considered an 
essential industry, considerable capital is 
involved in greenhouses and nurseries. As 
long as a demand exists for these plants, 
attempts will be made to grow them. Be- 
cause where shortages exist, insecticides 
are not allotted to growers of greenhouses 
and nursery crops, the control of pests in 
the industry has been seriously handi- 
capped. 

The two problems most serious to 
greenhouse growers under the present in- 
secticide shortage are the control of red 
spider on roses and of leaf tier on various 
crops. No satisfactory substitute has been 
found for rotenone for use against red 
spider on roses, and most growers have re- 
turned to syringing. On carnations Fulez' 
fumigant and DN sulfur dust No. 10 (1 
per cent dinitro-o-cyclohexylphenol), DN- 
12 dust (1.4 per cent dicyclohexylamine 
salt of dinitro-o-cyclohexylphenol) and 
Dowspray 17 (13.3 per cent diclyohexyla- 
mine salt of dinitro-o-cyclohexylphenol) 
have given satisfactory control of red 
spider. On some other crops thiocyanate 
sprays are generally satisfactory, but are 
too phytotoxic for roses. Lime sulfur con- 
centrate diluted 1-200 and 1-300 with 
spreader is offering some promise for use 
on some crops, specifically on tomatoes. 
The same material is giving good kills of 
cyclamen mite on chrysanthemums. Thi- 
ocyanate sprays are also a_ possibility 
against this pest. 


1 Fuller Systems, Inc. 
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For the control of leaf tiers and leaf 
rollers, lead arsenate can be used during 
the early stages of the plant’s growth be- 
fore heavy visible residues are a problem. 
A tartar emetic sugar spray is also being 
used as a substitute for pyrethrum, par- 
ticularly where lead arsenate residues in- 
terfere with the market value of the crop. 

For the treatment of gladiolus corms 
to kill thrips, a fumigation with methyl 
bromide at the rate of 3 pounds per 1000 
cubic feet for three hours at 70° or 2 hours 
at 80° is satisfactory. For spring treat- 
ment to replace the mercuric chloride dip 
cresylic acid at 1-200 concentration for 
1 to 3 hours gives moderately good con- 
trol but must be done immediately before 
planting to avoid injury to the corms. 

In the control of gladiolus thrips on 
growing plants, both tartar emetic and 
sugar may be critical materials. As sub- 
stitutes for tartar emetic, nicotine was 
most promising, but should be used with 
sugars other than molasses. If molasses is 
to be used, Paris green offers the best sub- 
stitute. Honey, black strap molasses, cane 
molasses, maple syrup, corn syrup, or 
several other sugars can be used with tar- 
tar emetic or sodium antimony lacto- 
phenolate. 

In recent years, the tartar emetic 
sprays have been used in place of pyre- 
thrum and rotenone sprays for the control 
of thrips on other greenhouse orna- 
mentals, particularly roses, carnations, 
and chrysanthemums. 

For the control of cankerworms on 
elms, 6 pounds of cryolite per 100 gallons 
has given control equal to the standard 
lead arsenate spray. 

Tosacco.—For flue-cured tobacco cry- 
olite is coming into the picture as a sub- 
stitute for lead arsenate used against the 
hornworm and flea beetle. Bests results 
are obtained when used as a spray instead 
of a dust.—12-7-43. 


H. R. Gosnewu 
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Farm Stock Insecticides' 


J. A. Munro, North Dakota Agricultural Experiment Station, Fargo 


Recently farm stock insecticides have 
taken on a greatly increased importance. 
This is due in no small part to the timely 
educational programs sponsored by Fed- 
eral and State agencies. While certain 
problems have been encountered, such as 
the scarcity of rotenone and pyrethrum, 
lack of dipping facilities in some instances, 
and a general shortage of manpower, it is 
believed that stockmen are doing more 
about livestock pest control than ever be- 
fore. 

North Dakota is primarily an agricul- 
tural state. Approximately half of the 
farm income is derived from the sale of 
livestock and livestock products. Our live- 
stock insect problem is much the same as 
that of other Northern areas, except for 
the practical absence of cattle grubs in the 
eastern or Red River Valley section of the 
State. 

Dipping of cattle to control lice is not a 
common practice with our stockmen, the 
usual procedure being to dust the infested 
animals with some proprietary dusting 
mixture. These mixtures, according to the 
labeled contents of the containers, are 
composed largely of sulfur with rotenone, 
pyrethrum, sabadilla or napthalene added. 
A state-wide survey of cattle herds made 
by Dr. H. 8. Telford and myself during 
the past winter indicated the short nosed 
sucking louse, Haematopinus eurysternus 
(Nitzsch), to be the predominating species 
and present to some extent in practically 
all herds examined. Usually not more than 
5 per cent of the cattle in any of the herds 
showed heavy enough infestations to be of 
economic importance. The long nosed 
sucking louse, Linognathus vituli (Linne), 
and cattle biting louse, Bovicola bovis 
(Linne), were only occasionally present. 

The importance of the dusting method 
under our cold weather conditions together 
with the serious problem presented by the 
dwindling supplies of rotenone and py- 
rethrum stimulated our interest in testing 
for possible substitutes. Of the various 
substances tested nicotine proved to be 
the most promising from the standpoint 
of low cost, availability and effectiveness 
in killing the several species of lice in- 
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volved. A concentrate sold under the 
trade name of Black Leaf 155 proved to 
be the best source of nicotine for the dust- 
ing mixtures. This concentrate was mixed 
with wettable sulfur of 325 mesh size to 
form mixtures containing 0.25 to 1 per 
cent nicotine. While the smaller rate of 
nicotine in the freshly prepared mixture 
was effective in destroying the lice, it was 
decided to recommend the 1 per cent rate 
to offset whatever loss of nicotine which 
might occur in a mixture subjected to 
storage for a time. The dusting mixtures 
were applied either from a shaker top con- 
tainer or by hand. The nicotine-sulphur 
dust killed the lice from 3 to 5 minutes 
after coming in contact with their bodies. 
When bentonite was substituted for the 
sulfur the only change noted was the re- 
tarding or slowing down of the insecticidal 
action of the mixture. 

A dusting mixture consisting of pheno- 
thiazine (a synthetic organic compound) 
1 part to flour or sulfur 5 parts gave satis- 
factory control of sucking lice of cattle 
but failed to kill the chewing lice. The 
addition of 2 parts sodium fluosilicate to 
this mixture gave excellent control of 
both the chewing and sucking types. This 
mixture, while effective is relatively high 
in cost and has a tendency to temporarily 
discolor the coats of the dusted animals. 

In the event of continuing shortages of 
rotenone and pyrethrum it is probable 
that their lack may be offset to a large 
extent by an increasing use of the readily 
available supply of nicotine. The principal 
objections to nicotine in the dust form are 
disagreeable handling qualities. While 
other diluents may prove to be more 
satisfactory, we recommend sulfur be- 
cause it is readily available, it is low in 
cost, and the particles settle readily into 
the coat of the animal. 

Of the various insect pests of sheep the 
most troublesome is the “sheep tick.”’ 
Dipping for the control of this pest is 
much more common than is the dipping 
of cattle for the control of cattle lice. As 
occasionally happens the dipping proced- 
ure is neglected and infestations may build 
up to a point where treatment after the 
cold weather sets in is imperative. When 
this situation develops, it necessitates the 
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use of a dust. The effectiveness of rotenone 
powders for this purpose is fairly well 
known. Preliminary results from the ap- 
plication of the dusting mixture contain- 
ing 1 per cent of nicotine and 99 per cent 
wettable sulfur on a small flock of Colum- 
bia sheep infested with sheep ticks were 
encouraging. 


Problems of the V 


T. H. Parks, ¢ 


“One of the advantages of having a 
good home garden, is that it can be made 
to furnish a continuous supply of vege- 
tables for the table throughout the sea- 
son....At the present time, however, 
the personal advantages to be gained from 
a home vegetable garden are much less 
important than our duty to the nation. 
The substitution of vegetables for some 
of the more concentrated foods in the diet 
of those who remain at home will release 
for the American army and the Allies 
large quantities of food supplies that are 
readily transported because of their more 
concentrated form....It seems, then, 
that both from the standpoint of personal 
advantages and of patriotic duty every 
one who can should plant a garden.” 

The paragraph above quoted was taken 
from a popular garden circular of one of 
our neighboring states and was published 
just twenty-six years ago during World 
War I. How closely it is in tune with the 
appeal being made today! 

Some eighteen months ago, when the 
Victory Garden Movement was born, 
some of us considered the term as un- 
dignified and misleading to the public 
from the standpoint of an exaggerated 
and misplaced hope. Like an early model 
popular low priced automobile, the vic- 
tory garden and the victory gardener 
became the targets of jokesters and were 
synonymous with stupidity and ignorance 
on the part of well meaning but misguided 
people. It was largely in this atmosphere 
that the early plans were laid. However, 
the clouds of doubt and ridicule began 
clearing away rapidly upon the establish- 
ment of point rationing of food supplies 
and especially canned vegetables. This 
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The shortage of rotenone and pyre- 
thrum is not a handicap to the poultry 
industry since sodium fluoride is readily 
available and has proven satisfactory in 
combatting the various species of poultry 
lice. It is a low-cost insecticide and proba- 
bly more cffieient than other materials 
often used for this purpose.—12-8-43. 


ictory Gardener' 


‘olumbus, Ohio 


was followed by a period of garden plan- 
ning and planting by both the critic and 
his prey to the extent of surpassing the 
fondest hopes of those who had planned 
the program. In the spring of 1943 the 
growing of a vegetable garden was a 
popular movement and participated in by 
all classes of citizens, who had found that 
this form of recreation offered an outlet to 
their pent-up emotions and gave promise 
of being a profitable as well as healthful 
undertaking. So popular did the move- 
ment become that some hotels, libraries 
and business firms even considered beets, 
beans, tomatoes and lettuce sufficiently 
dignified to plant in their parkways and 
even in window boxes. The outcome of 
this venture is best described in The Re- 
port of the American Institute of Food 
Distribution, which is the authority for 
the following news statement: 


“Victory Gardeners whittled at least $1,250,000,- 
000 from the country’s total food bill this year. The 
non-profit research agency said the saving repre- 
sented an average of about $30.00 for every family in 
America—city dwellers and suburbanites alike—and 
called the estimate “conservative,” adding that 
actually the amount might be considerably higher. 

City inhabitants—with fewer gardens—benefited 
because those in outlying districts, if they had not 
turned to the hoe, would have created additional 
demand for vegetables and fruit—thus bidding up 
prices generally. 

The institute based its estimate on the fact that 
there were about 20,000,000 victory gardens this 
year, compared with an average of 8,000,000 home 
gardens annually in peacetime. . 

All gardens this year produced an estimated 
8,000,000 tons of vegetables and fruit. On a direct 
ration this would break down into 3,500,000 tons 
from the usual gardens and 4,500,000 from the in- 
creased 12,000,000 victory gardens. 

The institute calculated, however, that some of 
the victory gardeners were amateurs and could not 
expect to get as good a yield as the old hands. Conse- 
quently the total was scaled sown to 4,000,000 tons 
for the wartime growers. 
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On this basis the 4,000,000 tons, at an average 
estimated retail value of 12 cents a pound ($240 a 
ton), would total $960,000,000. The institute figured 
that about $340,000,000 more was saved consumers 
because prices were not bid up, making a grand total 
of $1,250,000,000.”" 


So-called victory and farm home gar- 
dens produced 42% of all of the vegetables 
grown in 1943 and more than one-half of 
the vegetables available to civilians ac- 
cording to the National Garden Bureau. 
Victory gardens in towns and cities and 
which were cared for largely by inexperi- 
enced operators accounted for 17% of the 
total vegetables produced. Seed sales in- 
dicated that the chief crops grown in the 
victory gardens were: beets, carrots, beans 
tomatoes, lettuce, swiss-chard and sweet 
corn. 

The chief insect problems of the victory 
and home gardens of Ohio cities and sub- 
urban areas are here listed in their proba- 
ble order of importance: 

Mexican bean beetle 
Potato leafhopper 

Cabbage worms 
Flea-beetles 

Corn earworm 

Cucumber beetles 
European corn borer 
Aphids 

Bean and seed corn maggot 
Cutworms 

This order as given would not hold true 
for all gardens or even for those in the 
same community. However, they closely 
approximate the order of importance in a 
theoretical cross-section garden of the 
east-central states during the season of 
19438. 

Since a high percentage of the victory 
gardeners had little or no previous experi- 
ence in growing vegetables, they encoun- 
tered certain problems and made some 
mistakes. Some of these outstanding prob- 
lems and mistakes were: 

Attempted to grow a garden on soil not suited for 


garden use. 

Attempted to grow some crops not suited for small 
gardens. 

Were unable to secure suitable spraying and dust- 
ing equipment, or appropriate size packages of 
insecticides for small gardens. 

Failed to recognize the early appearance of insects, 
and to purchase and apply the insecticide on 
time. 

Failed to apply the insecticide to the undersides of 
bean leaves. 

Over-applied the insecticide far beyond that 
needed to kill the insect and thus wasted ma- 
terials. 
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Failed to carry out control methods to the end of 
the season. 

Paid too much attention to fads and fancies, with- 
out considering resulting insect hazards. 

Accepted advice from neighbors and other persons 
not well informed resulting in the use of wrong 
materials, or wrong methods. 


Only a few of the above were experi- 
enced by any one amateur gardener. He 
had been warned of the disappointments 
likely to follow where attempts were 
made to grow vegetables on the back- 
yards of city lots where lack of top-soil 
and organic matter constituted two strikes 
against him to begin with. He solved this 
by leasing vacant lots with his neighbors, 
or by signing up for space in a leased 
community garden, the care for which 
took the place of golf and auto-riding and 
at the same time satisfied his desire for 
social contacts with his neighbors. Lack 
of gasoline and tires contributed greatly 
toward this shift in manner of recreation. 

His failure to secure proper spraying or 
dusting equipment was the result of deal- 
ers’ inability to get their orders filled in 
the spring of 1943 and unless they car- 
ried-over sprayers or dusters from the 
previous year’s supply, few new ones were 
available. The victory gardener, however, 
seemed able to find such equipment some- 
where, or to borrow from his more fortu- 
nate neighbor. Various estimates placed 
the ratio of sprayers and dusters used in 
victory and home gardens at 75% dusters, 
and 25% sprayers. The dusters proved far 
more adaptable to these gardens. In the 
absence of an adequate supply of dusters, 
one Ohio manufacturer turned out several 
thousand shellaced cardboard fiber dust- 
ers what were sold and used with varying 
degrees of success. This type of duster, 
however, is at best only a stop-gap tool 
and did not prove generally satisfactory. 

Victory gardeners because of lack of ex- 
perience, lack of equipment, or both usu- 
ally over-applied the material on the basis 
that if a little is good more is better. This 
enabled the reduced strength of 0.5% 
rotenone dust to take care of bean beetles 
and most other insect problems for which 
this material is satisfactory. Many victory 
gardeners, however, did not thoroughly 
understand the need of applying this in- 
secticide to the under-surface of bean 
leaves. Their results were in direct pro- 
portion to their ability to accomplish this. 

A check-up of the sales of our State 
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Farm Bureau, which is one of the large 
distributing agencies over the state, re- 
vealed that they had sold wholesale at 
their three distributing points 154 tons 
of ready-mixed insecticide and fungicide 
dusts, or combinations of the two for use 
on vegetables. When separated into the 
two divisions it was found that 70% of 
these dusts were either entirely an insec- 
ticide, or a combination of insecticide and 
fungicide. Of this 70%, three-fourths car- 
ried rotenone as the killing agent. This 
serves to show how important that in- 
secticide has become in the production of 
vegetables. It is safe to say that the ma- 
jority of these dusts were used on home 
and victory gardens, since most of the 
potato growers and many of the large 
commercial vegetable growers own and 
use power-driven high pressure liquid 
sprayers. At Columbus alone 17 tons 
of mixed garden dust were sold retail 
by the Farm Bureau. 

We think it safe to say that very few 
victory gardeners are being induced to try 
“quack” remedies by well-intentioned but 
poorly informed neighbors. The sources of 
authentic information are sufficiently ob- 
tainable as to counteract this influence 
which used to be one of the chief problems 
for the entomologists to solve. In metro- 
politan areas of our larger cities the com- 
ment was made that some dealers were 
handling products not recommended by 
entomologists and the packages were not 
small enough to meet the needs of the 
small gardener. The extension entomolo- 
gists are now meeting with insecticide 
dealers periodically and are not only in- 
structing them on the best materials to 
handie, but are putting into their hands 
literature concerning the materials to rec- 
ommend where the gardener is poorly 
informed. Dealers are anxious to carry 
and sell recommended insecticides, and 
they now constitute an important and 
useful medium for dispensing reliable in- 
sect control information. 

The so-called whims or fads which 
small gardeners are addicted to include 
such things as the desire to beat their 
neighbors in producing the first mature 
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sweet corn that can be harvested from the 
garden. To do this they select an early 
maturing hybrid and plant it early. Since 
the European corn borer concentrates on 
corn advanced in maturity, these early 
plantings suffer tremendous losses and in 
many cases were a disappointment to the 
gardener. Later planted and later matur- 
ing corn does not suffer very seriously 
from borers and this fact was noted by the 
victory gardener of 1943. We have noth- 
ing as yet to offer the small gardener for 
controlling corn borer, except to delay 
planting long enough to escape this dam- 
age of the early brood. Our experimental 
efforts in Ohio to control the European 
corn borer with dust applications of insec- 
ticides have been quite disappointing. For 
this reason we are not willing to recom- 
mend it to the victory gardener, who is ill- 
prepared to apply the material correctly 
and at the right time. 

Failure to carry through with control 
applications to the end of the season, es- 
pecially against the Mexican bean beetle, 
has enabled that insect to build-up a 
heavy generation of hibernating beetles. 
These are now in the trash and ground 
cover in or near the gardens and unless the 
winter mortality is high will result in the 
victory gardener having a more difficult 
time controlling the Mexican bean beetle 
in 1944 than in 1943. 

The success of the victory garden move- 
ment during the past year has inspired 
the Secretary of Agriculture to ask for 
22,000,000 victory gardens in 1944, in- 
stead of an estimated 20,000,000 in 1943. 
It is estimated that there will be needed 
about 25,000 tons of insecticides to pro- 
tect the home and victory gardens next 
year. This is equivalent to 16 train-loads 
of 100 cars each, which is quite an impos- 
ing lot of ammunition to use on home 
garden enemies. We as entomologists have 
the responsibility of seeing that it is used 
to the best advantage and with a mini- 
mum of waste and food losses. The victory 
garden movement has truly justified itself 
to the extent of becoming an important 
part of the war-effort on the home front. 
—12-8-43. 








Extension Entomology Activities in Wartime' 


M. P. Jones, U. S. Department of Agriculture 


During the first World War, several 
hundred entomologists from various 
States and the then Bureau of Entomol- 
ogy were assigned to the Food Production 
Program to assist with insect control. 
Thus far funds have not been provided for 
a similar setup during the present war. 
However, practically all entomologists, 
aside from the great number who have 
joined the armed forces, have directed 
varying amounts of their time to the ex- 
tension phases of insect control or bee- 
keeping. The need for research is without 
question. However, there are many insect 
control recommendations not yet being 
put into practice which, if followed, 
would increase the production of crops 
and livestock, and conserve the food, fiber, 
and other products of agriculture so vital 
to winning the war. To supplement the 
work of the extension entomologists al- 
ready on the job, and to effectuate better 
insect control, some State Extension Serv- 
ices contributed to the salaries and ex- 
penses of resident teachers and research 
entomologists to do extension work. In 
other cases, restrictions have been relaxed 
to permit all classes of entomologists to 
work on the extension phases of insect 
control. This adjustment is commendable 
because it would be impossible for the ex- 
tension entomologists and their assistants 
to adequately serve the public, especially 
in view of the loss of experienced personnel 
with whom the specialists have been work- 
ing, the critical insecticide situation, and 
the increased number of people demand- 
ing information on insect control. 

Many farmers and their hired help, who 
understand spraying and dusting opera- 
tions, have entered the armed forces, or 
have gone into industry, leaving the dust- 
ing and spraying jobs to those less experi- 
enced. Twenty-two per cent of the County 
Agents and their assistants, many of 
whom were better qualified to assist with 
the entomology programs than the inex- 
perienced men who replaced them, have 
joined the armed forces. In addition to the 
extension entomologists, about nine per 
cent of the subject matter specialists in 
related fields, with whom the entomolo- 
gists have been working, have also left 
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the Extension Service to take up war 
duties. Thousands of people are planting 
gardens for the first time, or are growing 
crops subject to insect attack with which 
they are not familiar. Many families are 
keeping a small flock of poultry, a few 
hogs, or even a cow, who are not aware of 
the insect troubles accompanying such en- 
deavors. 

The problem in extension work in en- 
tomology is further aggravated by the 
shortage of some kinds of insecticides and 
almost total absence of others; also by the 
Conservation Orders affecting the use of 
certain insecticides. The travel situation 
and the shortages of printing material and 
facilities have contributed much to the 
difficulties of carrying on normal opera- 
tions. 

Some of the extension aspects of the vic- 
tory garden program have been covered in 
a previous paper. However, it may be well 
to refer to a few points. Many victory 
gardeners had no conception of the effect 
insects would have on the production of 
their vegetables, much less the measures 
used to control these pests. Therefore, the 
first requisite was to begin education 
programs early in the year to provide 
prospective gardeners with information on 
insect pests, to emphasize the need for 
alertness and the application of non-insec- 
ticidal control measures wherever possible, 
and when insecticidal control becomes 
necessary to advise what materials to use 
for the particular insects involved. In 
some cases where commercial dusters or 
sprayers were not available, suggestions 
were given on the building of homemade 
dusters. 

To promote this program there was an 
unusually large number of very concise 
control suggestions printed and dis- 
tributed. In some States sets of color 
slides with accompanying lecture notes 
were loaned, sold, or donated to County 
and Home Agents. Exhibits of posters, 
color picture sheets, and of similar mate- 
rials were provided field workers. Timely 
suggestions were disseminated by mail, 
through the press, and over the radio. 

The value of the great amount of food 
that was produced by victory gardeners 
is without question. However, from their 
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comments it would appear that the great- 
est good that will come from this endeavor 
is their knowledge that there is much more 
to food production than merely planting 
and harvesting. 

The situation with respect to the com- 
mercial gardener was somewhat different. 
The job of the extension worker was to 
forewarn him of impending pests, and 
advise him in making shifts to substitute 
insecticides from those which he was ac- 
customed to using, but which were ex- 
tremely scarce. In addition to advising 
what to use it was necessary to instruct 
the grower when to begin using insec- 
ticides, or when to shift from one kind to 
another. Recommendations depended on 
the insecticides which could be secured. 

Extension entomology in relation to 
commercial fruit growing was hampered 
by having to depend on inexperienced 
labor and by being unable to secure new 
equipment or replacement parts for old 
equipment, and to a lesser extent supplies 
of insecticides. However, many backyard 
fruit trees which have had little or no 
care for years commanded the attention 
of the owner at a time when it was diffi- 
cult to procure the proper insecticides and 
next to impossible to secure adequate 
sprayers. As an alternative the entomolo- 
gists gave all possible assistance in insect 
pest control by advising the sanitary 
measures, pruning, and cultural practices 
to be used which would offer the greatest 
relief. 

Possibly the greatest wartime develop- 
ment in the control of insects affecting 
field crops was in the extension of surveys 
to determine the occurrence and abun- 
dance of the different insects. The survey 
of the cotton insect situation aided ma- 
terially in the equitable distribution of 
‘alcium arsenate. A new development in 
this work which supplemented the survey 
made by adults was the organized use of 
4-H Club members to make regular ob- 
servations, counts, and reports of cotton 
insects. Although this was practiced in a 
number of States, the leaders in Texas, 
Oklahoma, and Mississippi were sufficient- 
ly well-impressed with the results that 
very attractive certificates of merit were 
granted to some 500 boys. In discussing 
this matter with workers in the Cotton 
States, much enthusiasm was expressed 
and in all probability organized work will 
be expanded in the States where this work 
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has been done and extended to other 
States. Some suggested extending the 
range to include surveys on insects other 
than those affecting cotton. This would 
not be a new venture because according 
to reports from Indiana, Four-H Club 
members assisted in the survey of the 
Mexican bean beetle situation. As some 
have expressed it, the value of 4-H Club 
surveys is threefold; they provide the 
entomologist with much needed informa- 
tion; they aid the boy, his father, and 
possibly his neighbors, in better timing 
the application of insecticides; and last, 
but not least, they make the boy insect 
conscious while he is still on the farm 
where he can observe the value of en- 
tomology to the extent that when he en- 
ters college he will be more interested in 
the subject. 

The increased need for meat, milk, and 
leather has stimulated much interest in 
livestock pest control, especially the con- 
trol of lice and cattle grubs. It was very 
unfortunate that the need for this work 
and the incentive to do something about 
it should have come at a time when the 
supply of rotenone was so critical. The 
very low stock of rotenone locally, and 
the delay in replenishing supplies, ma- 
terially affected the program during the 
past year. The greatest task of the ex- 
tension entomologist was to aid in secur- 
ing supplies of rotenone adequate to meet 
the needs. Relatively little promotional 
work was necessary to get farmers and 
ranchers to treat their animals. However, 
many demonstrations were held to show 
the proper methods of applying control 
measures. The publicity material also 
emphasized the formulas for mixtures to 
use and how they should be applied to 
give best results. 

Control of the insects affecting grain 
in storage has demanded the time of the 
extension entomologists. This problem has 
intensified as a result of the greater 
amount of grain held in farm storage and 
of the increase in grain production in the 
South and Southeast to support the ex- 
panding livestock programs. Entomolo- 
gists assisted also in the protection of 
foods stored in bulk for civilian and mili- 
tary use. The home food production pro- 
gram resulted in large quantities of dried 
foods being stored by the many producers 
who needed help on the protection of such 
foods from insect pests. 
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In this brief paper, no attempt has been 
made to discuss all of the problems in ex- 
tension work in entomology, but merely 
to mention a few situations which were 
brought about or changed because of the 
war. To meet these situations, the en- 
tomologists, because of difficult travel 
conditions, had to double up with other 
extension workers on trips, or use com- 
mon carriers to get into the field. They had 
to train more leaders in the subject 
through State and District conferences 
and training schools, and to prepare 
simplified instruction material for such 
leaders. Great quantities of concise and 
well-illustrated leaflets, charts and folders 
were prepared, similar to the AWI folders 
on Cattle Grub Control, Kitchen In- 
truders, and Protecting Dried Foods in 
the Home, which were issued by the U.S. 
Department of Agriculture. Some exten- 
sion entomologists prepared portable ex- 
hibits for leaders’ use in group discussion 
meetings. Some assembled sets of color 
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slides with lecture notes for loan or sale 
to the leaders. 

In conclusion it might be stated that 
the expansion of surveys to determine the 
occurrence and abundance of insects 
greatly facilitated extension work by 
serving as a guide in shifting from one 
program to another, and in assisting in 
the distribution of insecticides to have 
those recommended at the right place and 
at the proper time. Associated with dis- 
tribution of insecticides and applicators 
was the task of acquainting the farmers 
and dealers with the Conservation Orders 
affecting the use of critical insecticides, 
the use of substitute materials, and the 
opportune time to make applications. 
Despite all the difficulties encountered, 
the entomologists by solidarity of effort 
in applying all the extension facilities at 
their command saved millions of dollars 
worth of vital products from insect dep- 
redations, which contributed materially 
to the termination of the war.—12-8-43. 





Influence of the War on Plant Quarantine' 
E. R. Sasscer, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The President of the American Associ- 
ation of Economic Entomologists, in his 
address this morning, made brief reference 
to some of the problems which have been 
encountered in plant-quarantine enforce- 
ment during the present war. An attempt 
will be made here, insofar as conditions 
permit, to provide a sketchy picture of 
events which have taken place in rapid 
succession since our entry into the war. 

The question has been asked as to 
whether hostilities have brought about a 
cessation of plant and plant-product im- 
portations and hence a reduction of for- 
eign-plant-quarantine problems. It is ad- 
mitted that the importations of plant ma- 
terial under restriction have been rela- 
tively small as compared with prewar 
years, but this condition has been more 
than offset by new and unforeseen prob- 
lems associated with wartime conditions, 
including old problems which were for- 
merly considered a matter of routine and 
which now tax the resources of the per- 
sonnel available to solve them. To be spe- 
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cific, the convoy system presents peak 
periods of activity without sufficient ad- 
vance notice, due to radio silence, to 
permit of the most effective utilization of 
available inspection manpower. In addi- 
tion, as a result of the enemy submarine 
activity the emergency arrival of ships 
has presented complicated plant-quaran- 
tine problems involving the safeguarding 
of restricted or prohibited materials, such 
as unfumigated cotton at southern ports 
and fruitfly hosts in commercial shipments 
consigned to countries other than the 
United States. 

Over a period of years the personnel of 
many vessels and lines plying trade routes 
with some regularity gradually had be- 
come familiar with the plant-quarantine 
regulations and procedures at the ports 
they customarily visited. This situation 
is much changed today. Many new crews 
have been added with the expanded war- 
time shipping. There are many replace- 
ments for those unfortunates who failed 
to survive enemy attacks; also, there is 
much shifting of ships and personnel from 
their regular routes—not to mention the 
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fact that restricted or prohibited materials 
are occasionally brought to ports of entry 
by vessels belonging to the armed forces. 
The process of familiarizing this new per- 
sonnel with plant-quarantine entry pro- 
cedures adds materially to the enforce- 
ment problem. 

The arrival of vessels with dry ballast 
consisting in part of topsoil, has been a 
matter of serious concern, since it was pro- 
posed to use this material for shallow fills 
along the shore line. As indicating the 
magnitude of the task involved in safe- 
guarding material of this nature, it was 
necessary to examine ballast arriving on 
173 vessels in one month at one port. The 
ballast on 12 of these ships—involving 
18,331 tons—was found to contain top- 
soil, necessitating its disposal under super- 
vision in a manner to preclude pest-risk 
possibilities. By way of illustrating the 
risk incident to the importation of mate- 
rial of this nature, some shipments were 
found to be heavily infested with elaterid 
and curculionid larvae believed to be new 
to the United States. The insect-pest risk 
incident to the inclusion of topsoil with 
dry ballast was promptly brought to the 
attention of those in interest, and a 
marked improvement in the situation is 
now apparent. 

An entirely new problem has arisen in 
the form of service mail from abroad. Dur- 
ing peacetime mail from foreign countries 
arrived through channels worked out by 
the Post Office Department with postal 
administrations of the other countries. 
Through joint regulations of the Post 
Office and Treasury Departments there is 
a fixed procedure for handling it. Supple- 
mental joint regulations of those Depart- 
ments and the Department of Agriculture 
provided well-developed plant-quarantine 
control over foreign mail carrying plant 
material. The sudden sending of hundreds 
of thousands, or millions, of Americans 
overseas followed by legislation permitting 
them to enjoy domestic mail privileges, as 
well as relief from the assessment of duty 
on bona fide gifts of no more than $50 
value, plus the manpower shortage in the 
Customs Service, has disrupted that long- 
established procedure. The American sol- 
dier or sailor abroad runs true to his 
civilian counterpart as a souvenir col- 
lector. Vast quantities of parcel post are 
now arriving, swamping the limited per- 
sonnel available to handle it. Moreover, 
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because of this shortage of help and be- 
cause duty on bona fide gifts of no more 
than $50 value is not assessed, there is an 
understandable and natural tendency on 
the part of the hard-pressed Customs mail 
examiners at some of the ports to accept 
the list of contents on the package with- 
out opening it for examination, since no 
revenue is involved. Today the plant- 
quarantine inspectors must spend more 
time with foreign mail to supplement the 
work of the Customs for the purpose of 
better protection against plant pests. 
Five recent interceptions illustrate the 
pest risk with this material, the origin 
of which is always only an Army Post 
Office number. At Baltimore 21 living pink 
bollworm larvae were removed from un- 
ginned cotton used as packing material; 
at Chicago 19 mangoes were removed 
from a package; at New York 29 living 
pink bollworm larvae were removed from 
seed cotton used as packing material 
around some vases; at Philadelphia 64 
living pink bollworm larvae were in cotton 
packing about an electric lamp; and at 
Houston 92 living pink bollworms were 
taken from approximately 2 pounds of 
seed cotton used as packing. While some 
of these interceptions were made at north- 
ern ports, the ultimate destinations of the 
packages were in some instances points in 
the cotton-producing States. Rice straw 
and hulls, both of which are prohibited 
from all countries other than Mexico, 
have been repeatedly intercepted. 
Cooperativeness on the part of the 
military establishments was evidenced in 
the orders issued at the request of the 
United States Department of Agriculture 
in an attempt to prevent the inclusion of 
objectionable plant material in service 
mail. Before leaving this subject we refer 
to a letter written last August by a soldier, 
presumably then in the South Pacific. 
“With our minds all wrapped up in war we must not 
forget what a few hazard seed or plants containing 
insects, sent or taken home by our boys may cost 
our country millions of dollars each year... .”” 
“.. . lam hoping the damage resulting from strange 


plants brought into our country will be stressed 
most highly to our overseas boys.” 


The phenomenal expansion of air 
transportation and the rapid establish- 
ment of landing fields for foreign planes 
has presented a situation which has chal- 
lenged the resourcefulness of those en- 
gaged in plant-quarantine enforcement. 
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Considering the habits of insects and the 
speed with which they may move from 
country to country by this method of 
transportation, it requires little imagina- 
tion to visualize the possibilities associ- 
ated with present-day conditions. Foreign 
planes inspected in the fiscal year 1943 
showed a 51 per cent increase over the 
previous year—in some instances requir- 
ing plant-quarantine coverage on a 24- 
hour basis. While most planes, including 
baggage, etc., under civilian control were 
inspected, for obvious reasons this cov- 
erage did not include all arrivals under 
control of the armed forces. As with ships, 
so it is with planes: the personnel of the 
greatly expanded air fleets are not familiar 
with plant-quarantine procedures. Mili- 
tary officials have been most cooperative 
once the problem is known and understood 
by them, and orders have been issued by 
high authority in the services. Another 
recent example of this cooperation is the 
completion of arrangements for preflight 
inspection of service planes east-bound 
from Hawaii to avoid the delay incident to 
inspection upon arrival on the mainland. 
To sum up the results of foreign-plane in- 
spections during the fiscal year 1943, 40 
per cent of them were found to carry re- 
stricted or prohibited plant material from 
which such recognized pests as the Medi- 
terranean fruitfly, several species of An- 
astrepha, the citrus blackfly, and the pink 
bollworm were intercepted. 

The disposal of garbage on vessels ar- 
riving at American ports of entry contain- 
ing in part foreign-plant material has al- 
ways been a serious problem to solve be- 
vause of the fact that there has been no 
specific legislation covering this subject. 
Owing to conditions associated with the 
war, this situation has become even more 
perplexing than heretofore. In an attempt 
to secure adequate legislation on this sub- 
ject, at the request of the Secretary of 
Agriculture an Inter-Departmental com- 
mittee has been recently appointed to 
analyze these problems and draft suitable 
legislation for consideration by appropri- 
ate officials and the Congress. 

The war has brought about the neces- 
sity for a continual reexamination of 
plant-quarantine regulations and _pro- 


cedures to permit of essential safeguards 
with the minimum of interference with 
the war effort. In some instances decisions 
have to be made with dispatch. An inci- 
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dent occurring in San Francisco late in 
December 1941 will serve to illustrate. 
During peacetime, and even under the 
conditions of accelerated defense traffic, 
cabin baggage of passengers from Hawaii 
was examined prior to the ship’s docking 
at San Francisco while the hold baggage 
was examined immediately upon the pas- 
senger’s debarkation. Following Pearl 
Harbor the evacuation of many women 
and children from the Hawaiian Islands 
placed such a load on the transportation 
facilities, together with the confusion 
caused by need for secrecy and prompt 
action, that it was impossible, with the 
force then available, to arrange for the 
inspection of the hold baggage without 
seriously delaying the evacuation pro- 
gram. To cope with this unprecedented 
situation it was necessary to muster into 
service every available State and county 
inspector within a radius of 100 miles of 
the port, aided by generous assistance 
given by the Bureau of Customs even 
though that Bureau in peacetime is not 
concerned with intercoastal arrivals. On 
one occasion the port personnel was in- 
creased by more than 100 inspectors— 
some working 36 consecutive hours. 

Other examples include the develop- 
ment of safeguards to surround the im- 
mediate transportation entry of products 
arriving at southern ports and the fre- 
quent shifting of personnel to cope with 
unusual situations. Cooperative efforts 
with our neighbors immediately to the 
south resulted in a modification of the 
Federal Potato Regulations to allow en- 
try of Mexican potatoes from certain 
areas to help relieve the alleged potato 
shortage. Procedures and _ instructions 
have been developed to allow the in-bond 
movement, under refrigeration, of Mexi- 
can oranges through the United States to 
Canada to relieve the citrus-short Cana- 
dian markets. 

Certain phases of the work on the Mexi- 
can Border have reached an all-time peak. 
The number of freight cars requiring in- 
spection as a condition of entry doubled in 
4 years, while the fumigation of cars en- 
tering trebled. Airplane inspections have 
likewise trebled. Vegetable importations 
from the West Coast of Mexico have in- 
creased enormously, and the coming sea- 
son promises to be heavier than any be- 
fore. All these increases have been influ- 
enced by the war. 
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Any consideration of the effect of the 
war on plant quarantines which does not 
take into account the domestic situation 
would be wholly incomplete. Evidence 
seems to indicate that the Mexican bean 
beetle reached Alabama from Colorado 
through the medium of alfalfa hay during 
the first World War. The concentration 
by the services of thousands of men and 
women in widely scattered areas necessi- 
tates the prompt interstate movement 
into those areas of quantities of plants 
and plant products as well as building and 
war materials that may be the means of 
disseminating pests which until now are 
more or less localized in distribution. 
Apart from the military needs, the de- 
mands for domestic food products for 
both man and animals in certain quarters 
creates at times a troublesome situation 
with respect to plant quarantines, both 
Federal and State, designed to accord 
with normal peacetime movement. Do- 
mestic as well as foreign air traffic has in- 
creased the possibility of pest spread. To 
illustrate, the overnight transportation of 
the Japanese beetle from the East to west- 
ern States through the present increased 
and urgent traffic could readily occur. 

The loss of trained personnel to the 
armed forces has seriously handicapped 
plant-quarantine enforcement in Federal, 
State, and county services—necessitating 
numerous transfers for emergency duties, 
the employment of inexperienced person- 
nel, and even the curtailment or aban- 
donment at times of less vital activities. 

The foregoing is a summation of some 
of the plant-quarantine difficulties experi- 
enced during war. In attempting to cope 
with the situation we are made aware, 
and more keenly, of certain fundamentals 
of the plant-quarantine effort which de- 
mand attention. After all, any planning of 
a plant-quarantine program on a nation- 
wide basis has to be developed with a 
broader vision and a greater time sweep 
than can be devoted to the exigencies of 
the moment. We should not be so en- 
grossed with present difficulties that we 
lose sight of the future. The following are 
a few problems awaiting solution or in 
need of more careful exploration. 

In the biological field the practical sig- 
nificance of biological races and strains of 
pathogens deserves study; some review of 
the quarantine attitude toward seed-borne 
diseases would be well worth while; we are 
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not yet clear about the quarantine meas- 
ures which could be adopted with respect 
to foreign and domestic virus diseases; 
bacterial diseases constitute a similar spe- 
cial problem, and nematodes as well; the 
extent to which we can and should go to 
protect our basic crops from foreign insect 
pests and plant diseases needs thoughtful 
consideration; the possibilities for estab- 
lishing detention facilities under quaran- 
tine control for suspected plants could be 
explored; and finally there is need for 
much research and experiment on effec- 
tive treatments for a considerable range 
of plant materials. 

When the same forward look is directed 
to general national conditions and tend- 
encies, we are confronted with problems 
of another sort. Postwar trade resumption 
is likely to subject the national quarantine 
system to unusual strains because of in- 
sistent efforts abroad to pour foreign agri- 
cultural products into the American mar- 
ket. How well can we count on maintain- 
ing our protective program in spite of such 
pressure? Still further along this line is the 
possibility that any trend toward main- 
tenance of industrial leadership by this 
country after the war will entail accept- 
ance of foreign agricultural products to 
pay for our manufactures, and there is no 
doubt that such importation could have 
definite repercussions on our quarantine 
system. Our relations with Canada and 
Mexico in quarantine matters are espe- 
cially close and involve not only the prob- 
lems arising from land continuity but of 
mutual protection behind our common in- 
tercontinental barriers against pest intro- 
duction. The expansion of air transpor- 
tation, both foreign and domestic, will by 
no means be the least of the plant-quaran- 
tine obstacles to overcome. While the mat- 
ter of protection against foreign pests is 
technically a Federal responsibility, its 
success is of vital interest to every State, 
and it is a question whether the welfare 
of the country would not be furthered by 
increased participation by trained and ex- 
perienced State workers in planning and 
carrying out what is, after all, a national 
undertaking. It is certain that such a pro- 
gram, well digested and approved by re- 
sponsible public opinion, would go far to 
promote confidence, avoid misunder- 
standing, and secure the maximum of co- 
operation in a national enterprise.—12-8- 
43. 











The Manpower Situation in Entomology’ 
Ernest N. Cory, College Park, Maryland 


The value of organization has been 
amply demonstrated in the war period. 
The early enrollment of all members of 
this organization in the Roster of Scien- 
tific and Specialized Personnel put en- 
tomologists on an equal footing with the 
other sciences and no doubt led to the 
immediate inclusion of entomologists in 
the class of selectees that should be given 
consideration for deferment. However, 
few wanted to be deferred. The majority 
of young entomologists were anxious to 
get into the armed forces. Through the 
war work questionnaire the ground work 
was laid for the action of the military com- 
mittee consisting of Dr. Bishopp, Chair- 
man and Dr. Matheson and the writer. 
Those who answered the questionnaire 
were classified as to: (1) desire to get into 
the armed forces, (2) training and experi- 
ence fitting them especially for medical 
entomology, (3) background acceptable to 
the armed forces, and (4) general training 
making them acceptable material for of- 
ficer training. 

Through the efforts of Dr. Bishopp, who 
had close contact with those responsible 
for the selection of men for medical en- 
tomology and army and navy “house- 
keeping,” lists of available and desirable 
men were furnished and Dr. Bishopp was 
at all times available for consultation. His 
long service in the field of medical en- 
tomology and his contacts with entomol- 
ogists over many years made him the 
ideal man to further the desire of many 
to be of service to the armed forces in the 
emergency. Medical and sanitary en- 
tomology has received an impetus and 
recognition in this war such as has never 
been achieved heretofore. 

Soon it became apparent that the drain 
upon entomological services through en- 
listments would necessitate a careful ap- 
praisal of the manpower resources in agri- 
cultural entomology for research, teach- 
ing, regulatory and extension work. Ac- 
cordingly a questionnaire was prepared, 
designed to determine the exact status of 
the available supply of entomologists, the 
prospective supply and the view of heads 
of entomological departments as_ to 

! Presented as a part of the Columbus Symposium, 1943. 


whether any more workers could be 
drained off without jeopardizing the essen- 
tial services behind the lines. 

The following figures and comments 
present the picture as related by 108 em- 
ployers of entomologists :— 

The number of entomologists engaged 
in all phases of entomological work as of 
September 1, 1941 was 1934; on Septem- 
ber, 1943 there were 1336. Despite the loss 
of 598, or approximately 30 per cent, to 
the armed forces, the United States Public 
Health Service and war work, the slack 
has been taken up by the employment of 
over age men recalled from retirement and 
entomologists not engaged in their spe- 
cialty. Women and girls have taken the 
place of men in laboratories and class- 
rooms, and much work has been trans- 
ferred to untrained personnel, requiring 
thereby greater supervision and conse- 
quently longer hours and more intensive 
work by those who have remained on the 
home front. There has been a total turn- 
over of technicians and other non-en- 
tomological personnel, including clerical, 
of 1028 individuals. 

Research has suffered most in the state 
organizations due to the necessity for a 
transfer of activities to service in food 
production by depleted staffs of trained 
workers. Labor shortage due to high pay 
in defense plants has curtailed field re- 
search to a marked degree. 

The teacher supply has been reduced 
materially, but likewise the raw material 
students, has been reduced. This has en- 
abled the continuation of schedules, by 
consolidations and eliminations. The gen- 
eral change-over to an accelerated pro- 
gram of successive quarter terms to meet 
the army specialized training program has 
meant continuous teaching for many and 
for some the teaching of geography, math- 
ematics and other subjects not normally 
taught. 

The regulatory work with the reduced 
technical staffs has been somewhat handi- 
capped by increased pest hazards due to 
the expansion of air-borne traffic. Like- 
wise the production of material that can 
be safely certified has been more difficult 
in the face of man and material shortages 
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on the farm and in the nurseries. In this 
field recourse has been had to retired men 
and women when other trained personnel 
became non-existent. 

In the field of service to producers of 
agricultural products the extension en- 
tomologist has had to work longer hours, 
devise means of meeting shortages or in- 
availability of supplies and labor and ad- 
just his thinking to war time procedures 
to meet gas and tire reductions that have 
affected the extension worker mainly in 
his inability to get large groups together, 
in a reduction of service calls and a shift- 
ing of reporting work to county agents 
and untrained personnel. Only a third of 
the replies indicate that shortages in in- 
secticides, gas and tires were of major 
importance. 

In times of increased crop and livestock 
goals the normal expectancy would be an 
increase of extension workers, but the in- 
creased effort has liad to be carried by the 
same or reduced staffs. Large scale con- 
trol projects have suffered in some areas, 
and in others an increase in staff has been 
possible due to emergency infestation that 
warrants large appropriations. In many 
instances it has been necessary to spread 
the experienced supervisory forces much 
thinner than formerly. 

The loss of clerical forces has greatly 
handicapped the entire entomological 
program in many states and the federal 
bureau, although this is undoubtedly 
true of other sciences. 

Only 8 of the 108 employers stated that 
they felt they could function with reason- 
able efficiency if more manpower should 
be drained off. This almost unanimous 
opinion that the bottom has been reached 
seems to represent quite fairly the existing 
situation. Certainly anyone who has at- 
tempted to employ replacements has 
found the supply to be so badly depleted 
that only a few physically handicapped 
men, and a few women remain. The nor- 
mal supply of recent graduates has flowed 
directly into the armed forces and many 
were unable to finish their undergraduate 
work, by a matter of months. 

Entomologists should profit by the ex- 
periences of the early stages of the war. 
Assuming, as we should for safety, that 
the war is likely to continue for several 
years, provision should be made for the 
training of women and physically handi- 
capped men to specialize on those phases 
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of entomology for which they are best 
fitted; namely taxonomy, morphology, 
physiology and possibly ecology in its 
broadest aspects. Thus a limited supply 
of specialists will be in the making, as re- 
placements of men now in the service or 
who may be called from now on. 

The second step that seems to be indi- 
cated, and has been used in several states 
by state and federal administrators is the 
development of a corps of observers, 
either on a voluntary or paid basis, that 
can be trained to follow explicit written 
directions in determining the presence of 
a limited number of common and impor- 
tant pests, and in determining to a reason- 
able degree the amount of damage that is 
being done. Where this type of coverage 
has been developed it has been possible 
to utilize newspaper publicity to good ad- 
vantage in informing agricultural pro- 
ducers of conditions in their immediate 
neighborhood and of methods that should 
be used to prevent further damage. 

Before the return of those in the armed 
forces, special efforts should be devoted 
by this Association to mold public opinion 
in regard to the need for the solution of 
public health problems involving insect 
carriers. No State Board of Health is 
quite balanced without an entomologist 
either as a consultant or as a member. The 
emphasis the armed forces have placed on 
medical entomology should further this 
concept. Further, every effort should be 
made to emphasize the need in most states 
for mosquito, fly, tick, and lice control on 
an organized basis. 

For the post war situation every effort 
should be made to fit into the picture the 
returning entomologists with their wealth 
of experience in insect-borne disease con- 
trol. Possibly this may be accomplished by 
setting up in the office of the Secretary a 
file- that will show in detail the back- 
ground, skills and experience of all en- 
tomologists. Much of this will be available 
from the questionnaire on military en- 
tomology, but it should not be confined 
to medical entomology. There wifl be a 
real need for entomologists in the Allied 
Military Government for both agricul- 
tural and medical entomological advice 
and leadership. Such a file would con- 
tribute markedly to the proper placement 
of available entomologists who do not 
have places waiting them on their return. 
—12-8-43. 








Insects Affecting Vegetable Seed Crops in the Western States' 


L. G. Smrru, State College of Washington, Pullman? 


Commercial vegetable seed production 
in the Western States is a comparatively 
new industry. Foremost among the prob- 
lems affecting this industry are those as- 
sociated with the control of insects. Of the 
insect problems there are: (1) those that 
are new to the crop, (2) those which have 
accompanied the introduction of the crop, 
and (3) those which have migrated from 
the food crop to the seed crop. 

The extent of damage caused by some 
insects to the seed crop has not been de- 
termined. Therefore, investigations are 
needed to determine whether or not con- 
trol measures are necessary. Furthermore, 
there are many injurious insects for which 
no satisfactory control measures have 
been developed. 

The development of satisfactory con- 
trol methods is complicated by such fac- 
tors as: (1) An insect may be of minor im- 
portance on a vegetable food crop, but 
may become a problem of major impor- 
tance when it occurs on the crop grown 
for seed; (2) certain insects do not occur 
in sufficient numbers to affect the plant 
directly but may be vectors of virus dis- 
vases which seriously affect production of 
seed; (3) measures developed for control 
of an insect occurring on a crop grown 
for food may prove inadequate when the 
crop is grown for seed; and (4) in some in- 
-stances, it is necessary to develop equip- 
ment adapted to the crop on which insect 
control is needed. 

A seed production laboratory to inves- 
tigate problems affecting vegetable seed 
production was established at Mt. Ver- 
non, Washington, in 1943 with county, 
state and federal! agricultural agencies co- 
operating. The control of insects and dis- 
eases connected with the cabbage seed 
industry is the first project undertaken. 

Seventy-eight species of insects affect- 
ing 21 different vegetable seed crops grown 

' Presented as a part of the Columbus Symposium, 1943. 

? The writer is indebted to Dr. T. A. Brindley and Mr. R. D. 
Eichmann for their helpful suggestions in the preparation of the 
manuscript and to the following entomologists who kindly fur- 
nished information on the insects affecting seed production in 
their states: Dr. Don C. Mote, Oregon State College; Dr. J. R. 
Eyer, New Mexico State College; Professor E. O. ie ne Dr. 
W. Harry Lange, Unive oaty of California; Dr. Harlow B. Mills, 
Montana State College; Dr. J. N. Roney, University of Arizona; 
Dr. B. Thomas Snipes, oh State Department of Agricul- 
ture; Mr. Sam C. McCampbell, Colorado State College; 
Dr. W. E. Shull, University of Idaho; Dr. E. P. Breakey, 


Western Washington Experiment Station; and Mr. Elmer Carl- 
son, Seed Production Laboratory, Mt. Vernon, Washington. 


in the Western States are listed by their 
common or scientific names in table 1. 
Their distribution, extent of damage, 
manner in which the crop is affected, and 
methods of control are also indicated. . 

brief discussion of damage caused by rep- 
resentative insects is presented to illus- 
trate the importance of insects in vege- 
table seed production. 

Seep Pras.—Pea weevil, Bruchus pis- 
orum (L.), is the major insect problem 
affecting seed producing areas of the Pa- 
cific Northwest where approximately 
791,000 acres of dry edible and Austrian 
winter field pea seed were grown in 1948. 
In the Palouse area of Washington and 
Idaho, the maximum infestation in 19438 
was 41.9 per cent. The average infestation, 
however, was 2.23 per cent which is evi- 
dence of the effectiveness of control meas- 
ures. 

Table 2, which shows the acreage of dry 
edible peas and the maximum and average 
infestation in Washington beginning in 
1937 when control measures were first 
initiated in this area, further illustrates 
the effectiveness of pea weevil control. 

Control is accomplished by dusting the 
infested area of the field with rotenone 
dust when the peas are in bloom to kill the 
weevils before eggs are deposited on the 
pods, and was developed by the U. 
Bureau of Entomology and Plant Quar- 
antine in cooperation with Experiment 
Stations of Washington, Idaho, and Ore- 
gon (Hinman & Smith 1940). The portion 
of the field to be dusted and the probable 
degree of infestation at harvest are deter- 
mined by sweeping the peas at blossom 
time with a standard insect collecting net. 

A survey of 1497 farms conducted in 
the spring of 1943 by the Washington 
State U. Department of Agriculture 
War Board showed that an average of 4.51 
pounds of dust containing either 0.75 per 
cent or 1.0 per cent rotenone were applied 
per planted acre, or better than one mil- 
lion pounds of dust on 252,000 acres of dry 
edible and seed peas grown in Washington 
in 1942. 

After harvest, seed peas are milled to 
removed infested seed and fumigated to 
destroy any live weevils which remain 
(Eichmann ef al., 1943). 
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Table 1.—Insects of vegetable seed production arranged by crop. 








INSECT 





DISTRIBUTION | Damace! | AFFECTS | 











Bean aphid 
Bean thrips 





Bean weevil 


Beet webworm 
Cowpea weevil 
Grasshoppers 


Lima bean pod borer 


Loragrotis albicosta (Sm.) 
Mexican bean beetle 


Red Spiders (several species) 
Salt-marsh caterpillar 
Seed-corn maggot 

Spotted cucumber beetle 
Symphilids 

Western spotted cucumber beetle | 
Wireworms 





Yellow-striped armyworm 





Beet webworm 


Corn earworm 
Grasshoppers 


Lima bean pod borer 
Pea aphid 





Pea moth 
Pea weevil 


Seed-corn maggot 
Sttona lineata 


Armyworms 
Cabbage aphid 


Cabbage looper 
Cabbage maggot 
Cutworms 
Diamondback moth 
False chinch bug 


Harlequin bug 
Imported cabbage worm 
Thrips 

Thrips 

Turnip aphid 


Calif., Oregon 
California 


| Ore., Wash., 


New Mexico, 
California 
Wyoming 
New Mexico 
Wyo., Ida., 
Montana 
California, 


| (southern) 


Colorado 
New Mexico, 
Ariz., Wyo., 
Colorado 
California 
California 
Ida., Ore. 
California 
Oregon 
Oregon 
Idaho 


California 


| California 


Idaho 
Wyoming 
New Mexico 
Ida., Wyo. 


Peas 














CONTROL 
Beans 
Moderate | Stand Nicotine 
Severe Stand Tartar emetic-sugar, nicotine- 
sulfur 
Fumigation or heat; early 

Moderate | Seed harvest. 
| Severe 
| Severe Stand Pyrethrum or arsenicals. 
| Moderate | Seed 
Baits. 
| Moderate | Stand 
| Severe Seed Cryolite (50%). 
| Moderate | Seed Research in progress. 
Cryolite or rotenone; Zinc 
arsenite. 
| Severe Stand 
| Severe Stand Dusting sulfur. 

Moderate | Stand | Calcium arsenate.? 
| Moderate | Stand | Not known. 
| Severe Stand | Cryolite (50%). 
Stand Not known. 
| Severe Stand | Calcium arsenate. 
Severe Stand Cultural. 
| Moderate 
| Moderate | Stand Calcium arsenate.” 





Moderate | Stand 
Severe | Stand 
Moderate | Stand 
Moderate | Stand 








Wyo. | Severe 
Idaho | Moderate 
Wyo. | Severe | 
Idaho Moderate | 
Wyo. | Severe | 
Idaho | Moderate | 
N. Mex. Moderate | 
Wash., Oregon | Moderate | Stand & 
Calif. | Seed 
Wash. | Severe | Seed 
Wash., Ore., 
Ida., Calif. | Severe Seed 
Mont. | Moderate | 
Ida., Mont., 
Oregon Moderate | Stand 
Wash. Severe | Stand 
Broccoli and Kale 
Calif. Moderate | Stand 
| Calif. | 
Oregon Severe 
Calif. | Moderate 
Calif. Moderate | Stand | 
Calif. | Moderate | | 
Calif. | Moderate 
Ariz. | Moderate | | 
Calif. | Moderate 
Calif. | Moderate | 
Calif. | Severe Stand 
Calif. | Moderate 
Ariz. | Severe | 
| Calif. | Moderate 








Pyrethrum or arsenicals. 
Paris green. 

Not known. 

Baits. 

Baits. 


Baits. 

Baits. 

Not known. 
Rotenone-oil; nicotine; 


Lethane. 
Not known. 


| Rotenone. 


Not known. 
Research in progress. 


| Baits. 


See cabbage. 
See cabbage. 
See cabbage. 
Baits. 

See cabbage. 
Not known. 
Flooding and sanitation. 
Sanitation. 


| See cabbage. 


See cabbage. 
Not known. 
See cabbage. 





1 Where the extent of damage is not indicated, it is not known. 


2 Where safe on plants. 
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Cabbage aphid 


Cabbage curculio 
Cabbage looper 
Cabbage maggot 


Cabbage seedpod weevil 
Diamondback moth 
False chinch bug 


Flea beetle 

Flea beetles 

Harlequin bug 
Imported cabbage worm 


Thrips 

Turnip aphid 
False chinch bug 
Flea beetles 


Thrips 
(See insects under cabbage) 





Cabbage aphid 


Cabbage maggot 


Cabbage seedpod weevil 
Flea beetle 


Flea beetles 
Grasshoppers 
Green peach aphid 


Turnip aphid 


(Other listed under cabbage) 


Turnip aphid 


False chinch bug 
Alfalfa looper 


Cutworms and Armyworms 
Pemphigus bursarius 
Sugar-beet root aphid 
Thrips 

Wireworms 


















































DisTRIBUTION | Damace! | Arrects | ConTROL 
Cabbage 
Wash., Ore. | Severe Stand & | Nicotine. 
Ariz. Moderate | Seed 
Calif. Severe Stand & | Pyrethrum; rotenone; nico- 
Seed tine. 
Oregon Stand Not known. 
Calif. Moderate | Stand Cryolite or calcium arsenate 
Wash., Ore. Severe Stand Research in progress. 
| Calif. Moderate | Stand Sanitation, dichloroethyl 
ether at 0.5% strength. 
Wash., Ore. Severe Seed Research in progress. 
Oregon Moderate | Stand Rotenone or calcium arsenate 
| N. Mex. Moderate | Stand & | Pyrethrum. 
Seed 
Ariz., Calif. Moderate | Stand Flooding and sanitation. 
Oregon Severe Stand Rotenone. 
Wash. Severe Stand Rotenone, calcium arsenate. 
Calif. Moderate Sanitation. 
Calif., Ore. Severe Stand Rotenone, pyrethrum, cryo- 
Mont. Moderate lite, or calcium arsenate. 
Calif. (Coastal) | Moderate | Stand Nicotine or rotenone-oil. 
Severe Not known. 
| Ariz., Calif, Stand & | See cabbage aphid. 
Calif. Moderate Seed Nicotine. 
Ariz. Severe Not known. 
Oregon Severe 
Ariz. Severe Not known. 
Calif. | 
Radish 
Wash., Calif. | Moderate | Stand & | Nicotine. 
Seed 
Calif., Wash. Stand Not known. 
| Idaho | Moderate | Stand Not known. 
| Oregon Severe Stand Not known. 
| Wash., Ore. Severe Seed Research in progress. 
Oregon Rotenone or calcium arsenate. 
Idaho Moderate | Stand Not known. 
Wash. Stand Rotenone or calcium arsenate. 
Wyo. Moderate | Stand | Baits or zinc arsenite. 
Wyo. Severe | Stand & | Nicotine. 
Seed | 
Ida., Wyo. Severe | Stand & | Nicotine 
| Seed ' 
Calif. Severe | | See cabbage aphis. 
Calif. 
Rape 
Idaho Moderate | Seed Not known. 
Lettuce 
Ariz. Not known. 
Ida., Ore. Moderate | Stand Not known. 
Calif. Moderate | Stand Cryolite or calcium arsenate. 
Calif, Moderate | Stand Baits. 
Mont. Moderate | Stand Timing of irrigation. 
Calif. Moderate | Stand | Not known. 
Calif. None practiced. 
Idaho Moderate | Stand Cultural. 
Calif. Severe Calcium cyanide drilled into 
trap crop. Dichloroethyl 
ether. 
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Table 1.—Continued 
INSECT DISTRIBUTION | Damace! | Arrects | ConTROL 
Mustard 
Cabbage aphid Calif. | Moderate | Stand | Nicotine. 
Ceutorhynchus spp. Oregon 
Diamondback moth Mont., Calif. Moderate | Stand Not known. 
Flea beetles Wash., Ida., Rotenone or calcium arsenate. 
Oregon | Stand 
Grasshoppers Wash., Idaho, | Moderate | Stand Baits. 
Mont. 











Cabbage aphid 
Cabbage maggot 


Cabbage seedpod weevil 
Flea beetles 


Turnip aphid 


(Others listed under cabbage) 





Aphis sp. 


Armyworms and Cutworms 
Flea beetles 


Green peach aphid 
Philaenus spumarius L. 
Symphilids 

Thrips 

Vegetable weevil 


Aphis sp. 
Beet leafhopper 
Tarnished plant bug 


Thrips 
Western spotted cucumber beetle 











Aphis ferruginea-striata Essig 
Bean aphid 


False chinch bug 
Psila rosae Fabr. 
Vegetable weevil 
Wireworms 


Aphids 


Parsnip webworm 





Rutabaga and Turnip 






































Wash., Ore. Moderate | Stand & | Nicotine. 
Seed | 
Wash., Ore. | Not known. 
Idaho Moderate | Stand Not known. 
Wash., Ore. Severe Seed Research in progress. 
Wash. Stand Rotenone or calcium arsenate. 
Ore., Ida. Moderate | Stand 
Calif. Severe | Stand & | See cabbage aphis. 
| Seed 
Idaho | Severe | Stand & | Not known. 
Seed | 
Calif. | 
Spinach 
Wash. | Moderate | Stand & | Nicotine or rotenone. 
Seed 
Wash., Calif. Severe Stand Baits. 
Calif. Moderate | Stand Bordeaux, nicotine (4% alka- 
loid), pyrethrum-Lethane. 
Calif. | Moderate | Stand & | Nicotine. 
Seed 
Oregon Moderate | Stand | Rotenone. 
Oregon Moderate | Stand | Not known. 
Oregon Moderate | Stand | Not known. 
| Calif. | Moderate | Stand | Cryolite. 
Table Beets 
| Wash. | Moderate | Stand & | Nicotine or rotenone. 
Seed 
Calif. Moderate | Stand & | Pyrethrum. 
Ariz. | Seed 
Calif. 
Ariz. | Moderate | Stand & | Pyrethrum and sulphur dusts. 
| Seed 
Oregon 
Oregon | Moderate | Stand | Calcium arsenate. 
Carrots 
Calif. | Stand Not known. 
Oregon | Moderate | Stand & | Nicotine. 
Seed a 
| N. Mex. Moderate | Seed | Pyrethrum. 
Oregon Moderate | Stand Naphthalene. 
Calif. Moderate | Stand | Cryolite (83-50%) dust. 
Calif. Severe | See lettuce. 
Parsnips 
Calif. | Moderate | Stand Nicotine. 
Ore., Idaho | Moderate | Seed | Rotenone. 
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INSECT 


| DisTRIBUTION | Damace' | Avrects | 


ConTROL 








Onions 





























Cutworms Ariz. Severe | Stand Baits. 
Mormon cricket Wyo. Severe Stand Baits. 
Onion maggot Wash. Stand None. 
| Wyo. Severe Stand Calomel. 
| Calif., Ore. Moderate None. 
Onion thrips Wash., Ida., 
Colo., Ariz. Severe Stand & | None. 
Seed 
Oregon Moderate | Stand None. 
Calif. Severe Nicotine-whale oil soap; tar- 
tar emetic-sugar. 
Resistant varieties. 
Psallus ancorifer (Fieb.) Oregon Seed Not known. 
Strawberry fruitworm Oregon Moderate | Seed Not known. 
Western flower thrips N. Mex. Moderate — & | Tartar emetic-molasses. 
See 
Wireworms Idaho Severe Stand Cultural. 
Potatoes 
Ash-gray blister beetle Ida., Wash., Arsenicals; sodium  fluosili- 
Wyo. Moderate | Stand cate. 
Blister beetles Ida., Wash. Moderate | Stand Arsenicals; sodium  fluosili- 
Wyo. Moderate | Stand cate. 
Colorado potato beetle Wash. Moderate | Stand Cryolite. 
Wyo., Colo., Moderate | Stand Arsenicals. 
Mont. 
Green peach aphid Wash. Stand Rotenone. 
Calif. Moderate | Stand & | Nicotine. 
Seed 
Empoasca abrupta DeL. N. Mex. Moderate | Stand & | Nicotine. 
Seed Sulfur—pyrethrum dusts. 
N. Mex. Moderate See tomato psyllid. 
Potato aphid Wyo., Calif. Moderate | Stand Nicotine. 
& Seed 
Potato flea beetle Wash. Severe Calcium arsenate or cryolite. 
Oregon Severe Calcium arsenate-rotenone. 
Colo. Severe Zine arsenite. 
N. Mex. Severe Calcium arsenate; cryolite; 
zine arsenite. 
Western potato flea beetle Ariz., Wash., 
Ore., Colo., 
N. Mex. Moderate | Stand See Potato flea beetles. 
Idaho Moderate | Seed 
Potato psyllid Mont., Colo., Lime sulfur or wettable sulfur; 
Wyo., New sulfur dusts. 
Mex., Ariz. Severe Stand & 
Seed 
Potato stalk borer Calif. Stand Cultural 
Potato tuber worm Calif. Severe s Fumigation. Cultural. 
(coastal) 
Wireworms Wash., Ida. Severe Seed Cultural. 
Calif. Severe Seed See lettuce. 
Tomatoes 
Aphids Oregon Severe 
Cutworms Oregon Moderate | Stand Bait. 
Flea beetles Oregon Moderate | Stand Rotenone. 
Tomato psyllid Colo. Severe Stand & | Wettable sulfur; sulfur dusts. 
Seed 
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Table 1.—Continued 
INsEcT DIsTRIBUTION | Damace! | Arrecrs | ConTROL 
Sweet Corn 
Corn earworm Ida., N. Mex. | Moderate | Seed Pyrethrum-mineral oil. 
Calif., Mont. Severe Seed Removing tassels. 
Carpophilus dimidiatus (F .) N. Mex. Moderate 
Corn silk beetle N. Mex. Moderate 
Seed-corn maggot Ore., Mont. Moderate | Stand Not known. 
Symphilids Oregon Moderate | Stand Not known. 
Western spotted cucumber beetle | Oregon Moderate | Silk roots) Not known. 
Wireworms Idaho Severe Stand Cultural. 
Squash 
Spotted cucumber beetle Calif. Moderate | Stand See Beans. 
Squash bug Idaho Severe Stand 0.2% pyrethrum dust. 
Calif. Severe Stand Calcium cyanide; pyrethrum- 
Lethane dusts; paris green- 
sulfur. 
Colo. Stand Pyrethrum. 
Ore., N. Mex. | Severe Stand & | None. 
Seed 
Symphilids | Oregon | Moderate | Stand Not known. 
Western spotted cucumber beetle | N. Mex. | Moderate | Stand Fluorine or calcium arsenate. 
Western striped cucumber beetle | Calif. | Moderate | Stand | See under Beans. 








Normally pea aphid, Macrosiphum pisi 
(Kltb.), is a problem only in the coastal 
area of Oregon and Washington and oc- 
curs there in outbreak numbers in dry 
seasons. During wet seasons in the coastal 
area it seems to be held in check mainly by 
the fungus diseases Empusa planchoniana 
Cornu and Entomophthora aphidis Hoff- 
man. The Palouse and Blue Mountain re- 
gions of Washington, Idaho, and Oregon 
are normally too dry for pea aphid abun- 
dance. Syrphid flies and ladybeetles, the 
most common species being the conver- 
gent ladybeetle, Hippodamia convergens 
Guer., help reduce aphid populations in 
dry seasons (Eichmann & Webster 1940). 

Pea aphid control is obtained by dust- 
ing with rotenone-oil dust (Gray & Schuh 
1941) or activated nicotine dust. In Wash- 
ington these treatments have not always 
been successful in controlling pea aphid. 

The pea moth, Laspeyresia nigricana 
(Steph.), is one of the most destructive 
insects affecting seed peas and vetch. For- 
tunately, its distribution is still confined 
to the Puget Sound area in the northwest- 
ern part of the State of Washington and 
the adjacent area of British Columbia 
(Smith 1943). However, moths were taken 
from codling moth bait traps at Wenat- 
chee by A. Spuler in 1929 (Clark) and 
near Yakima by F. W. Carlson in 1948 


(Smith 1943). No pea moth larvae have 
been taken in eastern Washington, al- 
though larvae taken in 1942 from wild 
lupine growing in the pea area near Cres- 
ton, B. C., which lies just north of Idaho, 
were tentatively identified as pea moth 
larvae (Buckell & Ward 1943). The insect 
first became a pest of economic impor- 
tance in Washington in 1928 when an out- 
break occurred in the Nooksack Valley in 
Whatcom County (Hanson & Webster 
1936). Because of extensive losses, farmers 
have gradually abandoned the growing of 
seed peas until only a relatively small 
acreage is now grown in lightly infested 
areas. One hundred per cent of the pods 
may be infested by one or more larvae, 
resulting in the destruction of from one 
to several of the seeds in each pod. 


Table 2.—Pea weevil infestation in dry edible 
peas, Palouse area of Washington.' 














YEAR AcREAGE* MAXIMUM AVERAGE 
1937 129,000 37.1% 2.21% 
1938 90,000 41.6 9.77 
1939 101,000 85.5 8.40 
1940 115,000 47.5 4.17 
1941 130,000 78.0 4.36 
1942 252 ,000 64.0 2.82 
1948 365 ,000 39.5 2.25 





! Data furnished by T .A. Brindley, U. S. Bureau of Entomol- 
ogy and Plant Quarantine. 
2 Total dry pea acreage for the state. 
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Green peas for processing are harvested 
before the larvae have completed their 
development, whereas peas grown for 
seed permit the larvae to reach maturity 
and escape from the pods before the vines 
are cut and threshed. 

The increase in populations in dry peas 
threatened the continued existence of the 
canning industry. Because there were no 
known measures for controlling the pea 
moth, the industry resorted to quarantine 
regulations in 1936 in an effort to bring 
about a reduction in pea moth population 
by prohibiting the growing of seed peas 
and vetch in the processing pea districts. 

This program has not met with com- 
plete success for every year a portion of 
the acreage, varying from 25 acres to 300 
acres, is condemned because of infestation 
in excess of that which can be safely han- 
dled in processing. A program of wild host 
eradication by spraying roadsides, ditch- 
banks and fence rows with ammonium 
sulfamate was inaugurated in the spring 
of 1948 by the Washington State Depart- 
ment of Agriculture. The U. S. Bureau of 
Entomology and Plant Quarantine has 
undertaken a study of biological control 
through the liberation of parasites. 

The sitona weevil, Sitona lineata Lec., 
is of European origin and was first re- 
ported on Vancouver Island in British 
Columbia in 1937 (Insect Pest Survey 
1938). On May 20, 1940, the writer re- 
ceived specimens of weevils from San Juan 
County, Washington, with the report that 
they were feeding on peas, causing severe 
damage to the young plants. The speci- 
mens were submitted to the Division of 
Insect Identification of the U. S. Bureau 
of Entomology and Plant Quarantine, and 
were identified as Sitona lineata Lec. This 
represented the first record of the occur- 
rence of this species in the United States. 
According to recent surveys, the insect 
now occurs in the surrounding counties of 
Whatcom, Skagit, Island, Jefferson, and 
Clallam in northwestern Washington. It 
is not known to occur elsewhere on the 
North American continent. 

Damage to peas, vetch and alfalfa is 
caused primarily by the heavy feeding of 
the adults on young seedlings, although 
the larvae feed on the roots and nodules. 
Feeding of the adults is characterized by 
small uniform notches made around the 
periphery of the leaves. Heavy feeding of 
the adults on seedlings of small leafed 
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plants such as vetch and alfalfa produces 
complete defoliation. 

At present it is not known definitely to 
what extent this new pest will influence 
production of legumes such as peas, vetch 
and alfalfa. However, investigations ini- 
tiated in 1942 by the U. S. Bureau of 
Entomology and Plant Quarantine in co- 
operation with the Washington Agricul- 
tural Experiment Stations and the State 
Department of Agriculture have shown 
that fall sown common vetch and early 
spring seeded purple vetch, alfalfa and 
peas are susceptible to severe damage, 
whereas late seedings escape with some- 
what less injury (Breakey 1942). Applica- 
tions of cryolite dusts show promise as a 
means of chemical control. 

CaBBAGE.—Cabbage seedpod weevil, 
Ceutorhynchus assimilis (Payk.), another 
European species, was first discovered in 
America at Lynden, Washington, in May 
1935. Within a short time it had spread 
throughout western Washington and into 
the Willamette Valley of Oregon. Its dis- 
tribution until this year was confined to 
the western portion of Washington and 
Oregon. 

In the summer of 1943, C. F. Doucette 
collected specimens from volunteer ruta- 
baga seed in the Yakima Valley. This is 
first record of the occurrence of this insect 
in eastern Washington. Its further spread 
across eastern Washington and into the 
seed area of Idaho may constitute a seri- 
ous threat to the cruciferous seed industry 
of those areas. The insect attacks crucifer- 
ous seed crops, mainly cabbage, kale, tur- 
nip, radish and rutabaga, and destroys 
between 25 and 35 per cent of the seed 
annually. Infestations may run higher in 
individual fields (Table 3). 

The adults feed on the blossoms, stems, 
and green pods, causing droplets of honey- 
dew-like secretion to form at the points 
of injury. The larvae feed on the develop- 
ing seed within the seed pod and consume 
several seeds before completing their de- 
velopment. 

Investigations of methods of control by 
the Washington Experiment Stations 
have been under way for several years but 
have met with little success. Climatic fac- 
tors together with the extended period in 
which the plants are subject to attack are 
the principal obstacles. Frequent and 
heavy rains occur during the period of 
control operations and remove the residue 
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of insecticide from the foliage. Continual 
migration of the weevils from wild host 
plants over a long period of time extends 
the length of the control period. 

Although not present in destructive 
numbers every year, the cabbage aphid, 
Brevicoryne brassicae (L.), is responsible 
for considerable reduction in yields in seed 
areas of Washington and Oregon. In some 
instances, it attacks the seedling in the 
seed bed causing stunted plants of poor 
vigor. In the field, large colonies develop 
on the seed stalks causing stalks and seed 
pods to become shrivelled and dry. 

In the spring of 1940, the writer ob- 
served an infestation of cabbage aphids on 
a five-acre field of cabbage seed in the seed 
area of Skagit County, Washington. Near 
the end of June an estimated 90 per cent 
of stalks were dead and only a few pods 
were present on the live stalks and these 
were severely damaged by the cabbage 
seedpod weevil. The crop was a total loss 
and was never harvested. 

In addition, the cabbage aphid is sus- 
pected of being a vector of mosaic disease 
of cabbage. Investigations are in progress 
at the seed laboratory at Mt. Vernon, 
Washington, to determine the status of 
aphids as possible vectors of the virus dis- 
eases associated with cabbage seed pro- 
duction. 

Rotenone dusts have not given satis- 
factory results. Activated nicotine dusts 
have generally been more satisfactory but 
their use is limited by low temperatures 
that usually prevail during the control 
period. Sprays containing rotenone or 
nicotine sulfate are also effective but 
sprays are not practically because the 
manner in which the crop is grown limits 
the type of power equipment that can be 
used. Dusting by airplane has been tried 
but has not generally been accepted be- 
cause results have not been consistent. 

The cabbage maggot, Hylemya brassicae 
(Bouche), is responsible for heavy losses 
of seedlings not only in the seed beds but 
also in the field. Investigations the past 
year by the seed laboratory have shown 
that calomel-hydrated lime dust applied 
as a dressing along the rows protected 
plants in the seed bed. Methyl bromide 
fumigation was used experimenta'ly to 
free the seedlings of maggots and aphids 
before transplanting. As yet, no practical 
method has been devised to protect the 
plants after they have been set in the 
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field. In one 15-acre field the writer re- 
cently observed a loss of approximately 
75 per cent of newly set plants from cab- 
bage maggot. This case, while extreme, 
illustrates the gravity of the problem. 

Flea beetles, Phyllotreta sp., attack the 
plants in the seed bed but are readily con- 
trolled by frequent applications of rote- 
none or calcium arsenate dusts. 


Table 3.—Infestation by Ceuforhynchus as- 
similis (Payk.) in Washington in 1943.' 











Ave. No. 
Per Cent or Seep Per Cent 
Pops In- Damacep Srep 
Crop LocaTION Festep peRLarvA Damacep 
Cabbage Lynden OF 4.57 40 
Cabbage t. Vernon 92 5.00 46 
Cabbage LaConner 84 4.86 82 
Rutabaga Sumner 77 4.64 29 
Kale Mt. Vernon 69 3.85 19 
Radish Skagit County 32 1.59 9 





1 Data furnished by C. F. Doucette, U. S. Bureau of Entomol- 
ogy and Plant Quarantine. 


Porato.—Potato flea beetles, Epitrix 
cucumeris Harris and Epitrix subcrinita 
Leconte, are serious annual problems in 
Washington, Oregon, Colorado and New 
Mexico. Although the adults often feed 
extensively on the foliage, the principal 
damage is caused by the feeding of the 
larvae of E. cucumeris on the tuber. In 
their feeding, the larvae make shallow 
surface trails and numerous brownish 
tunnels extending into the tuber to a 
depth of 0.1 to 0.5 inch. Rhizoctonia is 
often associated with flea beetle injury 
and causes the surface channels to become 
enlarged. The injured tubers have a 
scarred and roughened appearance and 
are classified in the lower grades. Damage 
in individual fields in Washington may be 
so severe that the crop will not meet re- 
quired grade standards. Insecticides used 
for control vary in the different states and, 
in some cases, in districts within a state 
because of the necessity for combining flea 
beetle control with the control of diseases 
and of other insects or because of climatic 
factors. 

In western Washington, calciym ar- 
senate-monohydrated copper sulfate-hy- 
drated lime is used as a combination dust 
for control of both flea beetles and late 
blight (Smith & Huber 1943), whereas in 
eastern Washington a calcium arsenate- 
tale or cryolite-tale dust is preferred 
(Landis 1943). 

In Oregon a dust containing both 
calcium arsenate and rotenone is recom- 
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mended (Gray et al. 1943). Colorado rec- 
ommends a spray containing zine ar- 
senite for control of flea beetles or a 
combination spray of zinc arsenite and 
lime sulfur for control of flea beetles, po- 
tato psyllids and Colorado potato beetle 
(Daniels 1941). Dusts containing calcium 
arsenate or cryolite and sprays containing 
zinc arsenite are recommended in New 
Mexico for control of flea beetles. For 
control of both flea beetles and potato 
psyllids, a combination dust of calcium 
arsenate and sulfur or a combination spray 
of zine arsenite and either lime sulfur or 
wettable sulfur is recommended (Eyer & 
Enzie 1939). 


The potato psyllid, Paratrioza cockerelli 


(Sule), is an important insect pest of po- 
tatoes in Colorado, New Mexico, Wy- 
oming and Montana, primarily because it 
is the vector of the disease known as 
Psyllid yellows. The disease reduces the 
size and yield of potatoes and makes them 
unfit for seed purposes because the af- 
fected tubers do not produce normal 
plants. Control is accomplished with lime 
sulfur sprays or sulfur dusts as discussed 
under potato flea beetles. 

Summary.—A total of 78 species of in- 
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sects affect production of 21 vegetable 
seed crops grown in the Western States. 
Vegetable seed production is still a com- 
paratively new industry in the western 
states and, in many instances, the extent 
of damage to seed crops by insects and the 
method of control have not been deter- 
mined. 

While the maximum infestation by pea 
weevil has been as high as 85.5 per cent, 
the average infestation is usually held to 
less than 5 per cent by the timely applica- 
tion of rotenone dust. 

Pea moth causes severe damage to peas 
grown in northwestern Washington. No 
control measures are known for this pest. 

The Sitona weevil, Sitona lineata Lec., 
a recently introduced insect in Washing- 
ton, attacks peas, vetch and alfalfa. 

Pea aphid is a problem mainly in the 
coastal areas of the Pacific Coast States. 

Cabbage seedpod weevil destroys ap- 
proximately 25 per cent of the seed each 
year in Washington. No satisfactory con- 
trol of this pest is known. 

Cabbage aphid and cabbage maggot 
seriously affect production of cabbage 
seed.—12-8-43. 
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Insect Problems of Field-Crop Seed Production in the West! 


Cuar.es J, Sorenson, Utah Agricultural Experiment Station, Logan 


Principal field crops grown for seed in 
the West are alfalfa, clovers, vetch, corn, 
wheat, barley, oats, sugar beets, cotton, 
and grain sorghum. In a large portion of 
this part of the country, alfalfa is the most 
valuable of these ten crops inasmuch as 
it constitutes the principal hay crop, 
largely supporting the extensive livestock 
industry during winter and takes a major 
place in crop-rotation practices. In Utah, 
for example, during the 10-year period, 
1930-39, the average annual market value 
of alfalfa hay exceeded by 51.87 per cent 
the combined worth of wheat, barley, 
oats and corn. In addition to the hay pro- 
duced, alfalfa in a few favorable areas of 
Utah also yields a seed crop, the annual 
farm value of which has varied during 
recent years from approximately one-half 
to one million dollars. 

During the past 10 or 15 years the need 
for, and the value of alfalfa seed in the 
West has greatly increased by reason of 
the necessity of more frequent replace- 
ment of alfalfa plantings, chiefly because 
of the ravages of the bacterial wilt disease 
and the practice of shorter rotations which 
usually include alfalfa. 

The trend in production and acre-yields 
of alfalfa seed in the United States and 
Utah, respectively, from 1920 to 1943 is 
presented in table 1. 

In 1925 with an all-time record produc- 
tion of 439,000 bushels, Utah produced 
42.30 per cent of the total alfalfa seed 
grown in the United States. The average 
yield that year was 6.37 bushels per acre 
on 69,000 acres. The maximum per-acre 
yield for the United States also occurred 
in 1925 with 2.85 bushels on 365,000 acres. 

By 1942 per-acre yields in Utah and the 
country as a whole had declined 76 and 
44 per cent, respectively, from the record 
yields of 1925. In other words, the average 
per-care yield of alfalfa seed for 1942 in 
Utah was only 24 per cent of that in 1925; 
for the United States, it was but 56 per 
cent of the 1925 yield. 

The situation in adjacent and nearby 
states is similar to that in Utah; in all of 
them seed yields have declined at an 


1 Presented as a part of the Columbus Symposium, 1943. 


alarming rate during recent years. The 
current question propounded by growers, 
seedsmen, research men and all who are 
concerned with agriculture, is what has 
been, or is, the cause of these seriously re- 
duced yields of alfalfa seed. 

Within the past decade several aspects 
of this grave problem have been investi- 
gated by various agencies of the U. S. 
Department of Agriculture and State 
Agricultural Experiment Stations and the 
problem is still being studied. Although a 
complete answer to the question of cause 


Table 1.—Alfalfa-seed acreage and yields.' 











ACREAGE PeR-ACRE DEcLINE 
HARVESTED SINCE 
(In THov- YIeELDs 1925 
SANDS) (Busuets) (Per Cent) 
Periop U.S. Utah U.S. Utah U.S. Utah 
1920-24 223 37 2.51 4.93 
1925 865 69 2.85 6.37 
1926-30 405 57 2.35 2.49 18 61 
1931-35 485 25 1.92 2.01 33 68 
1986-40 710 37 1.67 2.10 41 67 
1941 791 30 1.29 1.50 55 76 
1942 612 27 1.60? 1.50? 44 76 
19438 672 32 1.62 1.90 





? From Reports U.S.D.A. Bur. Agr. Econ. and U.S.D.A. Agr 
Statistics. 
2? Preliminary. 


has not yet been found, progress has been 
made toward a better understanding of it. 

Information already obtained indicates 
that there are several causative factors 
involved in these declining alfalfa-seed 
yields. Outstanding among these are in- 
sect pests, including several species of 
mirid bugs, the seed chalcid, grasshoppers, 
alfalfa weevil, a few pentatomids, and per- 
haps some leafhoppers and thrips. 

Of the insect pests attacking seed al- 
falfa, various species of Lygus have been 
found to be most injurious; this by reason 
of their universal distribution in alfalfa 
fields, population density, wide range of 
host plants, high reproductive potential 
and difficulty of control. Lygus species 
occurring in the alfalfa fields of Utah, 
named in the order of their relative abun- 
dance, are Lygus elisus Van D., L. hesperus 
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Knight and L. oblineatus (Say). The latter 
species occurs rarely except in the south- 
ern portion of the state. 

Heavy infestations of lygus bugs in 
seed alfalfa were first observed in the 
Uinta Basin of Utah during the summer 
of 1928. In 1931 (Sorenson 1932a), the 
Utah Agricultural Experiment Station be- 
gan an investigation to ascertain the na- 
ture and degree of injury then being 
inflicted to seed alfalfa by these mirid 
bugs. 

Results obtained in three successive 
years (1931, 1932 & 33) indicated that 
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clusion that lygus injury in seed alfalfa is 
a seriously limiting factor in the produc- 
tion of this valuable crop. 

J. N. Roney, extension entomologist for 
Arizona reports that alfalfa-seed produc- 
tion in Maricopa and Yuma Counties is 
injured to the extent of at least 33 per cent 
by Lygus and several species of stink bugs. 
In many instances the crop has been a 
complete loss, because of the attack of 
these insects. 

The control of lygus bugs in seed alfalfa 
has been found to be extremely difficult: 
(1) because of excessively high popula- 


Table 2.—Lygus populations in alfalfa-seed fields of Utah. 








NUMBER 
OF PrerRiop 
Frevps OF 
Swept SWEEPING 


TIMES 
Swept 


Lycus CapTuRED 


Range Mean 
per per 


sweep sweep 





Total 





17 5/10-9/10 20 
17 5/15-10/10 17 
16 5/15-9/15 16 

~ 5/25-9/10 10 


0.04-2.58 
0.30-3 .70 
0.06-10.58 
1.13-8.18 


077 
1.33 
2.86 
3.03 


50 13,098 
50 19,172 
50 36,701 
00 


1 24,221 





the feeding of lygus bugs significantly 
alters the growing seed crop by (1) de- 
creasing the vegetative growth of young 
plants; (2) distorting it as the plants grow 
older and (3) increasing the amount of 
bud-blasting, blossom-drop and shriveled 
seed. This damage was found to be ap- 
proximately proportionate to the density 
of the lygus infestation. 

Lygus numbers occurring in sample 
alfalfa-seed fields in Utah for 1931, 1932, 
1933, and 1943, as indicated by the sweep- 
net method, are specified in table 2. 

These data are indicative of increasing 
lygus populations in the alfalfa-seed fields 
of Utah. Lygus numbers in 1932 were 
found to be almost twice those in 1931; 
in 1933 they were more than double those 
of 1932. The 1943 counts were for Box 
Elder and Cache Counties in the extreme 
northern end of the state, whereas those 
for 1931-33 were for Millard County and 
for the Uinta Basin in the west-central 
and north-eastern portions, respectively. 

Results obtained in later investigations 
of the relationships of Lygus species to 
seed development in alfalfa by Shull 
(1934) in Idaho, Sorenson (1939), in 
Utah, Stitt (1940) in Arizona and Carl- 
son (1941) in Utah, have led to the con- 


tions resulting from the wide range of host 
plants utilized by these insects; (2) be- 
cause of adult migration from field to 
field; and (3) because of their resistance to 
insecticides. 

Repeated experimental and practical 
attempts to control lygus bugs in seed 
alfalfa have thus far been largely infeasi- 
ble and unsuccessful. Various methods of 
tillage, crop management, timing of the 
start-off of the seed crop, farm clean-up, 
and the use of insecticides, practiced by 
individuals and groups of seed growers, 
have proved only partially effective in 
controlling these pests. Additional investi- 
gational work is necessary to find cultural 
or insecticidal contro] methods that will 
prove adequately effective against these 
bugs and practical for farm application at 
a non-prohibitive cost. 

Another mirid bug that has occurred in 
damaging numbers in first-growth alfalfa- 
seed fields in the Uinta Basin of Utah, at 
least during 1931-33, was the superb 
plant bug, Adelphocoris superbus (Uhler). 
The nature of injury inflicted by this in- 
sect is similar to that already described 
for lygus bugs, except that the superb 
plant bug, possibly due to its larger size 
or the toxemia induced, causes a greater 
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amount of injury than Zygus when the in- 
tensity of infestation is approximately the 
same. 

Present information indicates a much 
narrower host range for the superb plant 
bug; also that its reproductive capacity is 
much less than that possessed by Lygus. 
Fortunately the superb plant bug has not 
yet been found in sufficient numbers in 
second-growth alfalfa-seed fields of Utah 
to cause appreciable injury. 

All alfalfa- and clover-seed fields of the 
west, except sweet clover, suffer more-or- 
less damage from the seed chalcid, 
Bruchophagus gibbus (Boh.). An investi- 
gation of the seed-chalcid problem in 
Utah (Sorenson 1930) during a four-year 
period, 1926-29, showed that seed losses 
in 117 sample alfalfa-seed fields of the 
state varied from 0.5 to 62.2 per cent with 
an average annual loss of 15.84 per cent 
for the period. This was equivalent to an 
average annual loss to growers of the state, 
based on the then current farm value of 
alfalfa-seed, of $6.10 per acre, or a total 
of $381,000. 

Wildermuth (1931) says that “The loss 
occasioned by the chalcid in alfalfa seed 
is of large proportions. The extent of dam- 
age is influenced by many different factors 
and is not constant from one year to an- 
other. From records made by various 
workers it has been found that from 2 to 
85 per cent of the alfalfa seed may be in- 
fested in any given crop, and this infested 
seed is of course always lost. 

“An example of the injury caused by 
this insect is taken from the records of 
Arizona for 1927. That year 22,000 acres 
were devoted to alfalfa-seed production in 
the state. Accurate counts and records 
were made of a great majority of the 
alfalfa-seed fields, and it was estimated 
that the loss sustained was approximately 
70 pounds for every seed-producing acre 
in the state, which meant a loss of over 
1,500,000 pounds of seed.” 

Swenk (1913) found that 80 per cent of 
the alfalfa seed crop was destroyed by the 
seed chalcid in Red Willow County, Ne- 
braska, during 1911. 

Urbahns (1920) records percentage in- 
festations of alfalfa seed by the seed chal- 
cid as summarized in table 3. 

Table 3 shows that seed loss in the West 
due to the seed chalcid was generally 
higher in Utah from 1910 to 1915 than 
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from 1926 to 1929. This insect is currently 
responsible for substantial annual losses of 
alfalfa and clover seed. 

The problem of effective control of the 
seed chalcid is difficult; nevertheless fairly 
satisfactory control is obtained (1) by 
uniform selection of the same alfalfa 
growth by all farmers of an area for the 
production of the seed crop; (2) by feeding 
or burning chaff stacks and all seed screen- 
ings before late spring; (3) by preventing 
volunteer alfalfa from seeding; and (4) by 
renovation of seed fields in late fall or 
early spring. 


Table 3.—Percentage of alfalfa (and clover) 
seed found infested by the seed chalcid. 











SEEDS 
EXAMINED 
Prriop 
or Cot- No. or Infested 








STATE LECTION SaMPLES ‘Total Percent 
Arizona 1912-15 28 24,748 34.81 
California 1912-15 29 28,174 35.16 
Idaho 1914 6 5,707 11.99 
Kansas 1910 2 1,000 81.30 
New Mexico 1908 1 561 30.50 
Oregon 1914 1 764 30.00 
Oregon 1914 1 156 52.00 
Utah 1910-14 20 14,553 17.35 

Totals 88 75,663 

Mean 30.27 





During occasional years when wild host 
plants fail to furnish them adequate food, 
immense swarms of the Say stinkbug, 
Chlorochroa sayi Stal, migrate into grain 
fields to feed on the “milk” of the kernels. 
When the grain kernels develop into the 
“dough” stage these pentatomids move 
into nearby second-growth alfalfa fields 
where the seed is often found in the “milk” 
state. Such infestations result in partial or 
complete destruction of the seed crop in 
fields where the stage of seed development 
is favorable for feeding. 

No satisfactory control method is 
known by means of which pentatomid 
bugs can be prevented from inflicting 
sudden and devastating damage. Minor 
relief has sometimes been obtained by im- 
mediate, systematic, and rapid “baloon- 
ing” of infested grain or alfalfa-seed fields. 

Grasshoppers are always a serious men- 
ace to seed alfalfa. Unless controlled early, 
they strip the leaves and take a heavy toll 
of the full-grown green pods and seed, 
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with the result that good seed crops are 
frequently ruined. The chief problem in 
grasshopper control is that of getting 
growers to apply poisoned bait to their 
crops at the proper time, and as often as 
necessary. 

When and where seed is produced from 
first-growth alfalfa, the alfalfa weevil, 
Hypera postica (Gyll.), causes some indi- 
rect damage to the seed by feeding on the 
buds and leaves. This pest may be readily 
and effectively controlled by dusting with 
a combination of calcium arsenate and 
sulphur. If second- or later-growth alfalfa 
is left for seed, the weevil usually presents 
no serious problem in connection with 
seed production. 

Thrips also abound in immense numbers 
in our alfalfa-seed fields. Several different 
species occur but the flower thrips, Frank- 
liniella occidentalis Pergande, is usually 
most abundant. 

Information is meager regarding the 
relationships of thrips to alfalfa-seed pro- 
duction. In view of heavy infestations in 
practically all alfalfa-seed fields it is prob- 
able that these insects inflict some injury 
to the developing seed. In 1930 and 1931, 
the Utah Station (Sorenson 1932b) made 


preliminary studies in an effort to ascer- 
tain the nature and degree of injury which 
thrips might inflict to alfalfa flowers in the 
field. A brief summary of the data ob- 
tained is given in table 4. 


Table 4.—Results obtained in field tests to 
ascertain the effects of thrips feeding in alfalfa 
flowers. 








PerceNTAGE Loss WITH THE 
FoLLowING NUMBERS OF 
Cacep Turips PER FLOWER 


No. or 
CAGED 
FLow- 

ERS 1 2 + Ss 





19.36 25.13 23.56 54.30 
21.54 34.23 46.80 45.28 





4520 Flowers 
4000 Seed 





Examination under a dissecting micro- 
scope of 1395 embryonic seeds from in- 
fested cages and 859 from check cages was 
made three to six days after infestation 
showed little or no apparent damage to 
the developing seed as a result of the ac- 
tivities of the thrips. In many of the cages 
where the infestation ratio was 4 to 8 
thrips to 1 flower, the flower stems showed 
considerable scurffing and some withering 
after a week of infestation. In a few cages 
where new buds appeared they were 
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“blasted”’ as a result of the feeding of the 
thrips. Many eggs were observed which 
had been laid in the tissues of the flower- 
stems. 

No attempt has been made to control 
thrips in alfalfa. Before this is done in- 
formation must be secured concerning the 
nature and degree of injury inflicted to 
seed alfalfa by these insects. 

The clover seed midge, Dasyneura le- 
guminicola (Lint.), is a serious pest of 
clover seed in some areas of the West. 
According to H. B. Mills, State Entomolo- 
gist, it is periodically important in Mon- 
tana. Satisfactory control is obtained by 
cutting before the plants come into full 
bloom and by preventing growth of volun- 
teer clover. 

The clover aphid, Aphis bakeri Cowen, 
occasionally causes serious damage to 
seed clover in Oregon, according to a re- 
port received from Don C. Mote. 

L. G. Smith, Extension Entomologist, 
Washington State College, reports that 
the pea aphid, Macrosiphum pisi (Kaltb.), 
and the vetch bruchid, Bruchus brachialis 
Fahraeus, are the two principal insects 
affecting the production of vetch seed in 
Oregon and Washington. Dusting with 
0.75 per cent rotenone dust, 20 to 30 
pounds per acre, has been found to give 
satisfactory control. 

In northwestern Washington the pea 
moth, Laspeyresia nigricana (Steph.), is 
also a serious pest on vetch. Infestation 
ran as high as 56 per cent in 1943. There 
is no known method of control for this 
insect and where the infestation, is heavy 
growers are obliged to abandon the grow- 
ing of the seed of vetch and peas. 

The first infestation in the United 
States of the sitona weevil, Sitona lineatus 
(L.), was discovered in San Juan County, 
Washington during 1940. Most severe 
damage by this insect occurs in spring on 
fall-sown common vetch. Spring-seeded 
purple vetch and alfalfa also suffer severe 
injury through the feeding of the adult 
beetles. Pea moth and the sitona weevil 
are seriously limiting the production of 
vetch seed in northwestern Washington. 

Regarding insect damage to corn during 
1943 in Iowa, Carl J. Drake, State En- 
tomologist says that infestation by the 
corn earworm, Heliothis armigera (Hubn.), 
was not general, and losses were below the 
average of the past 10 years. The corn 
rootworm, Diabrotica longicornis (Say), 
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did considerable injury, and the European 
corn borer, Pyrausta nubilalis (Hubn.), 
did slight commercial damage in five or 
six eastern counties. Wireworms, white 
grubs, Phyllophaga spp., the corn root 
aphid, Anuraphis maidiradicis (Forbes), 
and the corn leaf aphid, Aphis maidis 
Fitch, also did some damage to corn. “In 
spite of late planting, insects and diseases, 
Iowa produced a very good crop of corn 
in 1943.” 

Principal insect pests attacking field 
corn in Utah are the earworm, aphids and 
spider mites. There is some earworm in- 
jury every season; however, the amount 
varies considerably from year to year with 
differing environmental factors. Heavy 
earworm damage was done during 1941; 
very little in 1942 and only moderate in- 
jury occurred in 1943. 

Infestations of spider mites usually oc- 
cur periodically ini dry years only. Serious 
damage to field corn by these pests oc- 
curred in some areas of Utah during 1941. 
Since then no heavy infestations have 
been reported. 

Seed wheat, barley, oats and rye gen- 
erally suffered slight damage from insect 
pests during 1943. Some injury was done 
by grasshoppers and only minor damage 
resulted from strawworms and _ joint- 
worms, the pale western cutworm or the 
Say stinkbug. Hessian fly was responsible 
for only small losses to these crops in 
Iowa. Grasshoppers and chinch bugs did 
some damage in eastern and southern 
counties of that state and Drake says that 
“Losses from chinch bugs, grasshoppers, 
and white grubs in 1943 were considerably 
below the average of the past 10 years.” 

During recent years the production of 
sugar-beet seed has developed to an im- 
portant industry in the agriculture of 
some areas of the West. This crop too, 
suffers from attacks by various species of 
Lygus and Pentatomidae, the beet leaf- 
hopper, Eutettix tenellus (Baker), thrips, 
and occasionally by the bean aphid, A phis 
rumacis L., and the false chinch bug, 
Nysius ericae (Shill.). 

With reference to insects attacking 
sugar-beet seed in Arizona and New Mex- 
ico, Orin A. Hills, of the U. S. Bureau of 
Entomology and Plant Quarantine reports 
that “The major insect pests affecting 
the sugar-beet seed crop are the sugar-beet 
leafhopper, Eutettiz tenellus (Baker), Lygus 
oblineatus (Say), L. hesperus Knight, L. 
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elisus Van D., and the Say stinkbug, 
Chlorochroa sayi Stal.” 

The beet leafhopper attacks the crop in 
the fall and damage results from the curly- 
top disease which it transmits. Losses vary 
from year to year, ranging from none to 
100 per cent in some areas before a con- 
trol program was developed. With the 
latter, together with improved cultural 
methods, complete failure of sugar-beet 
seed crops due to this insect has been re- 
duced to a minimum. 

Lygus bugs and the Say stinkbug reduce 
the percentage of viable seed produced but 
except with excessive infestations these 
pests are not responsible for direct reduc- 
tions in yield. 

Lygus bugs inflect some damage every 
year, whereas the Say stinkbug is of minor 
importance except in outbreak years. An 
outbreak occurred in the Mesilla Valley 
of New Mexico in 1940. Many fields pro- 
duce seed with a germination test of 
approximately 20 per cent. Such seed is 
worthless. At Albuquerque, New Mexico, 
in 1942 lygus bugs occurred in such ex- 
tremely large numbers that almost the 
entire seed crop was a failure, due largely 
if not entirely, to the lygus infestation. In 
the Salt River Valley of Arizona the 1942 
sugar-beet seed crop suffered severe lygus 
damage. Seed germination from some of 
the more seriously infested fields was be- 
low 50 per cent. Hills states in corre- 
spondence: “From our population and 
correlation studies of Lygus with non- 
viable seed we concluded that, although 
Lygus was not the sole factor contributing 
to the production of non-viable seed, yet 
if the Lygus factor had been eliminated 
the germination of the seed in practically 
every case would have been satisfactory.” 

Concerning the production of cotton 
seed in Arizona, J. N. Roney, extension 
entomologist, reports that annual losses 
caused by lygus bugs, western cotton 
plant bug, Creontiades femoralis Van D., 
and several species of stink bugs vary from 
0 to 40 per cent. He also states that grain- 
sorghum seed is often damaged“by the 
southwestern corn borer, Diatraea grandio- 
sella (Dyar), and the lesser cornstalk 
borer, Elasmopalpus lignosellus (Zell.). At 
times some of the heads become infested 
with various species of aphids and some 
light infestations of the corn earworm, 
Heliothis armigera (Hbn.), occur. 

SumMARY.—The leading field crops 
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grown for seed in the West are alfalfa, 
clovers, vetch, corn, wheat, barley, oats, 
sugar-beets and cotton. 

Major insect problems encountered in 
growing the seed of these crops are the 
following from: 

Alfalfa and clover: Lygus bugs, the seed 
chalcid, grasshoppers, superb plant bug, 
the alfalfa plant bug, the Say stinkbug, 
alfalfa weevil, thrips, clover seed midge, 
and clover aphid. 

Vetch: The vetch bruchid, pea aphid, 
pea moth, and the sitona weevil. 

Corn: The corn earworm, corn root- 
worm, European corn borer, chinch bug, 
grasshoppers, aphids, and spider mites. 

Small grains: Grasshoppers, the chinch 
bug, hessian fly, strawworms, jointworms, 
the pale western cutworm and the Say 
stinkbug. 
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pet: pentatomids, thrips and false chinch 
ug. 

Cotton: Lygus bugs, western cotton 
plant bug, and pentatomid bugs. 

Grain sorghum: Southwestern corn 
borer, the lesser cornstalk borer, and 
aphids. 

Problems presenting greatest difficulty 
of solution and on which additional in- 
vestigational work is most urgently needed 
are the prevention or control of lygus 
bugs, thrips and the Say stinkbug in 
seed alfalfa, the seed chalcid in alfalfa 
and clover seed and the false chinch bug 
when it attacks any crop. More informa- 
tion is also needed with reference to the 
relationships of thrips to alfalfa-seed de- 
velopment, and of bees, both honey bees 
and wild bees, to tripping and pollination 
in alfalfa.—12-7-43. 


Sugar beets: Lygus bugs, beet leafhop- 
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Dr. Dononoe with Wm. PeteRMAN 


Dr. Heber C. Donohoe, for several years past 
in charge of the Division of Control Investigations 
Laboratory of the Bureau of Entomology and Plant 
Quarantine at Trenton, New Jersey, resigned from 
the Bureau in January, 1944, to accept an industrial 
position as research director for William Peterman 
Inc., at Newark, New Jersey. William Peterman Inc. 
is one of the oldest companies engaged in the manu- 
facture of household insecticides, having had a con- 
tinuous operational history of about 70 years. For 
several years it has been a wholly-owned subsidiary 
of Bristol-Myers Company. In the interest of prod- 
uct improvement and expansion into other small- 
package insecticide and related lines, the company is 
in the process of setting up its own research facilities. 
Dr. Donohue’s new business address is: 411 Wilson 
Avenue, Newark 5, N. J. 

















Protection of Dried Packaged Foodstuffs 
from Insect Damage” 


E. Gorton Linsey, University of California, Berkeley 


Demands for overseas shipment of dried 
and dehydrated foodstuffs and the short- 
age of metal containers, have greatly in- 
creased the need for metal-substitute 
packages. Many such packages were in 
use before the war, but these were de- 
signed primarily for temperate climates 
and were not satisfactory for use in tropi- 
cal and subtropical regions. Improve- 
ments have been made in some of these 
products and new packaging materials 
and methods have since been developed. 
These changes have necessitated a new 
evaluation of commercially available 
packaging materials in the light of their 
resistance to insect penetration. In addi- 
tion, many foodstuffs now being packaged 
are also new products and previously 
available information has been of but 
slight value in predicting the susceptibil- 
ity of these substances to insect infesta- 
tion. The present discussion will be con- 
fined primarily to available knowledge on 
these two subjects. 

Tue Insect-proor Packace.—The 
non-metal packaging materials available 
commercially at this time are glass, wood, 
and various wood- and cellulose-prod- 
ucts. Glass, although insect-proof, is gen- 
erally objectionable for dry foodstuffs be- 
cause of its weight and fragility as well as 
because of certain factors involved in the 
keeping requirements of some of the food 
materials. Wood, although it can be 
treated and made into an insect-proof 
package, is unsatisfactory for various 
reasons but principally because it is diffi- 
cult to make wooden packages on a com- 
mercial scale that are insect-tight, al- 
though the wood itself may be otherwise 
insect-proof. Thus we must look to wood- 
products such as paper, fiberboard or 
cardboard, and to cellophanes and cello- 
phane-like materials for an immediate 
answer to our problems. Several of these 
materials can be made into a satisfactory 
package by meeting the following require- 


1 The major part of this report is derived from the results of 
investigations carried on in the Division of Entomology and 
Parasitology, University oft <| Py a committee consisting 
of E. O. Essig (chairman), R . Craig, W . M. Hoskins, E. G. Lins- 
ley, A. E. Michelbacher, and R. F. Smith. For fuller reports on 

ing materials for dehydrated food products, see Jour. 
N. Ent., 36: 822-829. 
3 “S Presented as a part of the Columbus Symposium, 1943. 


ments: (1) the package must initially be 
insect-tight and must have a reasonable ex- 
pectation of remaining so. This require- 
ment is quite obvious, but some otherwise 
resistant packages are rendered worthless 
by the presence of small openings which 
remain after sealing or which appear after 
commercial handling. (2) The package 
must have a smooth surface, with a mini- 
mum of folds, creases, seams, rough edges 
and similar areas where an insect can ob- 
tain leverage and a purchase for its mandi- 
bles. This surface may be inherent in the 
product itself, as cellophane, or may be 
achieved by coating with wax or some 
similar material. (3) The package should 
have a thick wall, a factor which has been 
shown to provide mechanical resistance 
to insect penetration. 

The incorporation of toxic or repellent 
chemicals into the paper or wax coverings 
of packages offers one of the most promis- 
ing approaches to the problem of provid- 
ing insect-proof packages. Among the 
hundreds of materials now being tested in 
our laboratories, the dinitro compounds, 
especially the dinitro cresols, have shown 
the most promise. However, this work is 
still in a preliminary stage and no recom- 
mendations for use on a commercial scale 
are offered at this time. 

Packacina Matertats.—Among the 
commercially available packaging mate- 
rials which have been tested for resistance 
to insect penetration are the following: 

Waxed Papers. Numerous waxed papers 
have been tested for insect penetration 
and all were penetrated readily; super 
calendered unbleached sulphite by 6 out 
of 9 species, laminated amber diaphane by 
4 out of 9 species, double-waxed parch- 
ment by 3 out of 9 species, and Kraft, 
treated with 3 per cent Dowicide #1, by 
2 out of 9 species. Although these mate- 
rials by themselves are far from insect 
proof, because of other desirable proper- 
ties such as moisture- and vapor-proof- 
ness, gas-tightness, flexibility, etc., they 
may be used to advantage as liners or for 
small packages within larger, more re- 
sistant containers. 

Transparent cellulose products. Several 
cellophanes and thermophanes were tested 
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and where no creases or folds were present 
they proved extremely resistant. How- 
ever, in the form of packages, all were 
penetrated, although two showed consid- 
erably more resistance than the others. 
These were Thermophane A (a moisture- 
proof, heat-sealing cellophane laminated 
to a sulphite paper) and laminated du 
Pont Cellophane 600. Although these two 
products were more resistant than any of 
the waxed papers it is probable that their 
use will be limited in much the same 
way. 

Abrasive papers. Only one abrasive pa- 
per has thus far been tested, Armour’s No. 
320A Crystalon, but the results with it 
were very encouraging. It was penetrated 
by larvae of the cadelle, Tenebroides 
mauritanicus (Linn.), only after 9 months 
of continuous exposure. It has not yet 
been penetrated by any of the other stored 
products insects to which it has been sub- 
jected. 

Laminated and multiwall bags. Various 
5- and 7-ply asphalt laminated paper bags, 
such as Bates Multi-wall bags and Kraft- 
asphalt-leadfoil laminated materials, in- 
cluding Reynolds Metal Bags, showed little 
resistance to penetration by the cadelle 
and by certain other insects. The most 
resistant of the tested products was the 
Bemis Bag. Even this product was pene- 
trated by the cadelle, although less readily 
than Reynolds Metal or Bates bags. When 
used as a cover for a fiber case, Bemis Bag 
shows considerable promise. 

Waxed cartons. The most satisfactory 
package thus far tested in our laboratory 
is a heavy fiber-board container double- 
dipped in thermoplastic wax (a high melt- 
ing point, blended, microcrystalline wax). 
Only the cadelle has as yet been able to 
penetrate this package and then after a 
long period of exposure. 

Errects or Insect PENETRATION OF 
PackxaGes.—Aside from direct injury to 
the products involved through infestation, 
there are other significant effects of insect 
penetration. Probably the most important 
of these is the destruction of moisture- 
proofness and gas-tightness. These quali- 
ties are especially important in the case of 
dehydrated products, and insect penetra- 
tion, even without infestation, may result 
in rapid deterioration of the product, es- 
pecially in tropical climates. Furthermore, 
certain dried fruits destined for tropical 
regions are packed in a gaseous atmos- 
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phere to prevent certain types of deter- 
ioration. Insect penetration of packages 
would destroy the usefulness of this 
method. 

A second effect of insect penetration 
without infestation is contamination. 
Foodstuffs have been rejected or de- 
stroyed because of contamination by in- 
sects which, although present, were un- 
able to breed in the materials involyed. 

Thirdly, penetration without infesta- 
tion may provide foci for infestations in 
other materials. Adults of several of the 
more important species of stored food 
product pests are able to survive for 
weeks upon foodstuffs in which they can- 
not successfully breed. 

Insect InrestaTion OF Dry Pack- 
AGED Foopsturrs.—The foodstuffs pri- 
marily concerned in the packaging prob- 
lem are grains and cereal products, dried 
fruits, other dry vegetable products, dry 
animal products, and dehydrated mate- 
rials including vegetables, fruits, milk, 
eggs, fish, and meats. The insect pests of 
all but the dehydrated products are well 
known and need no special consideration 
here. Some of those infesting dehydrated 
foodstuffs are as follows: 

Dehydrated V egetables. The insect which 
has most commonly been found infesting 
dehydrated vegetables thus far is the In- 
dian-meal moth, Plodia interpunctella 
(Hbn.). It infests carrots, beets, cabbage, 
broccoli, and potatoes at moisture con- 
tents as low as 6 per cent. Potatoes are 
generally found unsatisfactory, however, 
and although damage from infestation 
may occur, the young larvae are rarely 
able to reach maturity and the infestation 
soon dies out. The Mediterranean flour 
moth, Ephestia kuehniella (Zell.), infests 
these same materials but to a lesser extent, 
and the infestations are usually light, fre- 
quently unsuccessful. No other moths 
have been observed in dehydrated vege- 
tables, and laboratory attempts to force 
infestation by the webbing clothes moth, 
Tineola bisselliella (Hiim.), have failed. 
Among the beetles which will infest these 
products in the laboratory, the drugstore 
beetle, Stegobium paniceum (Linn.), the 
cigarette beetle, Lasioderma_ serricorne 
(Fab.), the lesser grain borer, Rhyzopertha 
dominica (Fab.), and the confused flour 
beetle, Tribolium confusum Duv., appear 
to thrive on dehydrated carrots but infest 
potatoes more lightly, and the cigarette 
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beetle seems unable to maintain itself on - 


this latter product. Several other species, 
including the false black flour beetle, 
Aphanotus destructor (Uytt.), the broad- 
horned flour beetle, Gnathocerus cornutus 
(Fab.), the varied carpet beetle, An- 
threnus verbasci (Linn.), the black carpet 
beetle, Attagenus piceus (Oliv.), the hide 
beetle, Dermestes maculatus DeG., and the 
yellow mealworm, Tenebrio molitor Linn., 
were able to feed and survive for several 
weeks on one or more of the dehydrated 
vegetables, but, although a few individ- 
uals reached the adult stage, the infesta- 
tion then died out. The same was true for 
adults of the granary weevil, Sitophilus 
granarius (Linn.), the rice weevil, S. oryza 
(Linn.), and the white-marked spider bee- 
tle, Ptinus fur Linn. In these species the 
adults fed and remained alive for several 
weeks, but either failed to lay eggs or the 
young larvae did not survive. Adults and 
larvae of the sawtoothed grain beetle, 
Oryzaephilus surinamensis (Linn.) and 
cadelle, Tenebroides mauritanicus (Linn) 
failed to feed appreciably or survive on 
either dehydrated carrots or potatoes. Al- 
though none of the beetles mentioned 
have been found infesting dehydrated 
vegetables outside of the laboratory there 
is reason to believe that some of them 
may prove to be pests. 

Dehydrated Fruits. Dehydrated fruits 
are subject to infestation by the same in- 
sects and mites which attack dried fruits, 
since the moisture content of the two 
commercial products is similar. However, 
the dehydration process makes it easier 
to package fruit in an insect-free condi- 
tion. Field infestation, inherent in the sun- 
drying process, is practically eliminated, 
and the processing procedure kills any in- 
sects which may have previously been in 
the fruit. Thus any infestation which ap- 
pears must arise subsequent to dehydra- 
tion. Rapid handling and packaging, pref- 
erably directly at the dehydration plant, 
should minimize this hazard. 

Dehydrated Meats and Fish. Dehydrated 
meats and fish appear to be subject to in- 
festation by fewer insects than sun-dried 
or smoked products. This may be due to 
the low moisture content, frequently 
about 5 per cent, although in some prod- 
ucts it may reflect the salt content. In 
laboratory tests, with several kinds of de- 
hydrated fish at 5 per cent moisture con- 
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tent, half grown larvae of the hide beetle 
and the varied carpet beetle, were able to 
complete their development and subse- 
quently oviposited on this product but in 
the former case the young larvae died in 
the first, second, or third instars. Adults 
of the confused flour beetle and the false 
black flour beetle fed and survived for up 
to two months on these materials, but 
larvae of various ages were unable to do 
so. Adults of the webbing clothes moth 
oviposited on dehydrated fish but the 
young larvae died in the first instar. Thus, 
although several of these species are cap- 
able of doing small amounts of direct in- 
jury through feeding, it would seem that 
none of them need to be reckoned with as 
pests of dehydrated fish at 5 per cent 
moisture content. Whether this is true 
also for other meats remains to be deter- 
mined. 

Dehydrated Eggs, Milk, and other Dairy 
Products. No special study has been made 
of insects infesting dehydrated eggs and 
dairy products. The only species we have 
thus far encountered is the larger cabinet 
beetle, Trogoderma versicolor Creutz. It is 
probable that other dermestids and prob- 
ably ptinids and tineids may occasionally 
prove to be pests. The infestations of 
Trogoderma were in laboratory samples 
maintained in a large commercial proc- 
essing plant. 

Conciusions.—l. No commercially 
available glass- or metal-substitute pack- 
ages are known to be insect-proof against 
all pests. 

2. The best commercial package thus 
far tested is a heavy fiber board carton 
dipped twice in thermoplastic wax. This 
package could be improved by closer at- 
tention to the cutting and assembling of 
the carton to provide tighter fitting 
seams, and more careful dipping to pro- 
vide a smoother, more uniform, bubble- 
free coverage of wax. 

3. Repellents offer promise of increas- 
ing the usefulness of the various wax- and 
paper-coated packages. Among the more 
promising materials thus far investigated 
are the dinitro-cresol compounds. 

4. Dehydrated foodstuffs, in spite of 
their low moisture content, are subject to 
insect damage and infestation. They re- 
quire essentially the same protection from 
insects that is afforded air- and sun-dried 
products.—12-8-43. 











Protection of Stored and Dried Processed Foods and Seed 
Supplies from Insect Attack' 


R. T. Corron, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The protection of our vast stores of 
grain and dried processed foods from 
insect attack is of vital importance to 
the welfare of this nation and indeed 
the entire world. With an estimated? pro- 
duction this year of 2,985,267,000 bushels 
of corn, 834,957,000 bushels of wheat, and 
1,145,060,000 bushels of oats, in addition 
to large yields of rice, barley, rye, and 
other grain crops, the value of our raw 
grain foods can be figured in billions of 
dollars. The processing of portions of this 
vast store of raw grains for human con- 
sumption adds still more to its value. 

Investigations during the last few years 
by state and federal workers have greatly 
increased our knowledge of the insect 
problems connected with the safe storage 
of these food supplies, and the develop- 
ment by them of improved methods of 
storing and handling large surpluses of 
grain should insure against serious loss 
from insect damage. 

FUNDAMENTALS OF SAFE STORAGE OF 
Gratn.—The fundamentals of safe stor- 
age for grain are now well established. If 
grain can be kept dry, cool, and clean, it 
can be stored for years without apprecia- 
ble deterioration or loss from insect at- 
tack. The most serious insect pests of 
stored grain are the rice weevil, Sitophilus 
oryza (L.), the granary weevil, S. granarius 
(L.), and the lesser grain borer, Rhyzo- 
pertha dominica (F.), and a group of 
miscellaneous beetles referred to as bran 
beetles. A few moths, notably the Indian- 
meal moth, Plodia interpunctella (Hbn.), 
and the Angoumois grain moth, Sitotroga 
cerealella (Oliv.), are destructive in certain 
sections of the country and under certain 
conditions, but they are rarely as impor- 
tant as the coleopterous enemies of stored 
grain. The weevils attack and destroy 
sound, unbroken kernels, so their powers 
of destruction are considerable. The bran 
beetles, on the other hand, feed largely on 
grain dust and broken kernels. Their pres- 
ence in large numbers induces heating and 
later spoilage of the grain due to the con- 


1 Presented as a part of the Columbus Symposium, 1943. 
* Crop Report, Sept. 1943, U. S. Dept. Agr., Bur. Agr. Econ. 


densation of water vapor on the cool sur- 
face grain. 

All these insects have certain tempera- 
ture, moisture, and food requirements. In 
the absence of the proper combination of 
these requirements they cease to be a 
menace. 

Bran beetles do not lay eggs at 65° F. or 
below. Grain weevils may lay a few eggs 
at this temperature, but in general little 
insect activity occurs until the grain tem- 
perature exceeds 70°. If grain has a mois- 
ture content below 9 per cent, weevils do 
not breed in it, and little breeding is 
likely to occur in grain with a moisture 
content below 11 per cent unless the tem- 
perature of the grain is abnormally high 
(90° F. or above). Bran beetles will breed 
in grain of almost any moisture content if 
the temperature is above 90°, and at tem- 
peratures as low as 70° if plenty of grain 
dust or broken kernels are present. 

Corn Srorace.—Corn is our largest 
and most valuable grain crop. In the com- 
mercial corn area its conservation from 
insect attack is not a serious problem. 
When corn is stored on the ear in slatted 
cribs, winter temperatures reduce insect 
populations to a point where loss from 
their attack is inconsequential if the nor- 
mal procedure is followed of using the 
corn for feed during the following season. 
If the corn is shelled after one season’s 
storage on the ear, trouble from insect 
attack may be expected, unless it is prop- 
erly handled, since after a year’s storage 
it is invariably infested to a greater or less 
extent by a large variety of insects. After 
shelling it should be carefully cleaned, be- 
fore storing. Several types of available 
cleaning equipment are capable of remov- 
ing a majority of insects and reducing the 
cracked corn and foreign materials to less 
than one-half of 1 per cent. By the proper 
use of loading machinery, breakage of the 
kernels can be held to a minimum. This 
is important, since, as previously stated, 
bran beetles, which are most troublesome 
in corn, do not breed readily in clean, 
unbroken grain. 

Steel storage bins are best for storage 
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of shelled corn, as they are economical, 
well adapted for fumigation, and, if prop- 
erly constructed, will keep the grain dry. 
A capacity of from 2000 to 3000 bushels 
constitutes a convenient size. In such bins 
corn cools during the winter to tempera- 
tures below the level of insect activity, 
and such is the insulating value of the 
corn that temperature changes in the 
center of the bins are slight throughout 
the year. Temperature changes in various 
parts of a 2000-bushel bin of corn in Iowa 
are shown in figure 1-I. It may be noted 
that grain temperatures at the floor and 
at mid-height remained below the danger 
point throughout the year and only the 
surface and outside layers of corn became 
warm enough to support active breeding 
of insects. 

Insects migrate to bins of grain in large 
numbers during the summer, but the es- 
tablishment of colonies in the surface 
grain can be prevented by spraying the 
surface with oil at the rate of 2 quarts for 
each 1000 bushels of corn. The oil should 
be either technical white or other refined 
oil of 100 to 200 seconds viscosity (Say- 
bolt, 100° F.) and be free from objection- 
able odor. 

Insects occasionally become established 
in bins of shelled corn and by their activi- 
ties create moisture and temperature 
conditions that are abnormal and, if un- 
checked, will cause grain spoilage. On 
the approach of cold weather, shelled 
corn that is heating, owing to the pres- 
ence of insect infestations, suffers deterio- 
ration of the surface layer. Water vapor 
from the hot grain in the bin moves up- 
ward and condenses on the colder surface 
grain. Rotting and spoilage of this surface 
grain may then occur, although the dam- 
age does not appear to extend very far 
below the surface. 

Fumigation of infested shelled corn in 
bins will satisfactorily control insect in- 
festations, and dosages have been estab- 
lished for all common fumigants. These 
dosages are listed in table 1, together with 
those suitable for wheat. 

In the South, where field infestation is 
common and winter temperatures do not 
check insect activity, the problem of corn 
storage is much greater. As soon as corn 
is dry enough to be safely stored it should 
be placed in cribs suitable for fumigation, 
and treated at once and as often thereafter 


as necessary. 


Corton: Insects AND DRIED AND ProcessEeD Foops 


381 


Wueart Srorace.—The problem of con- 
serving stored wheat from insect damage 
differs somewhat from that of corn. Wheat 
is not stored in slatted cribs until the 
moisture content is reduced, but is placed 
immediately in tight storage. Field in- 
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Fic. 1.—I.—Temperatures observed in the center, 
at various heights, in a 2000-bushel steel bin of corn 
at Ogden, Iowa, during 1941. Il.—Mean tempera- 
ture of central column of grain in 2740-bushel steel 
bins at Jamestown, N. Dak. 1941-42. I[].—Mean 
grain temperature in unpainted steel bins, Hutchin- 
son, Kans., 1942. IV.—Mean grain temperatures in 
white-painted and unpainted 1000-bushel steel bins, 
Hutchinson, Kans., 1942. 


festation is infrequent, except in Tegions 
where the Angoumois grain moth is abun- 
dant. Grain moistures at harvesttime 
vary with the region in which wheat is 
grown but are usually favorable for stor- 
age. When grain moistures are above 12 
per cent they can be reduced by drying. 
In some sections, notably the spring wheat 
region, there is little hazard from insect 
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attack in small bins of grain, owing to the 
cool climate, which prevents grain tem- 
peratures from ever reaching a level favor- 
able for insect development. Figure 1-II, 
shows optional average temperature of the 
grain in the center column of 2740-bushel 
steel bins at Jamestown, N. Dak., from 
November 1941 to September 1942. It 
may be noted that the temperature of the 
surface grain rose above 70° F. only dur- 
ing August and that the temperature of 
the grain at other depths remained below 
70° throughout the year. 

In larger storehouses, such as have been 
used in Canada in recent years for emer- 
gency storage, the value of the cooling 
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can damage the wheat is much reduced, 
as shown in figure 1-IV. 

Insects flying into the bins during July, 
August, and September augment the in- 
sect population and start dangerous in- 
festations when grain temperatures are 
favorable for reproduction. By fumigating 
infested wheat late in August it can be 
placed in condition so that it can, cool 
normally in the fall and winter and remain 
in good condition until late summer of the 
following year. If the fumigation is not 
100 per cent effective, but is reasonably 
good, the natural cooling of the grain will 
cause the death of a majority of the sur- 
vivors. 


Table 1.—Dosages of fumigants for use in steel bins 








Dosace Per 1000 BusHe.ts 








Carbon disulfide 
Carbon tetrachloride (CCl) 


Carbon disulfide-carbon tetrachloride 1:4 mixture 

2 lbs. chloropicrin+carbon tetrachloride to make 1 gallon 
Ethylene dichloride-carbon tetrachloride 3:1 mixture 

2 Ibs. 1,1-dichloro-l-nitroethane+CCl, to make 1 gallon 

1 lb. B-methylallyl chloride +CCl, to make 1 gallon 


Ethylene dichloride-methyl bromide 9:1 mixture 
Carbon tetrachloride-methyl bromide 9:1 mixture 
Methylene chloride-methyl bromide 9:1 mixture 
Propylene dichloride-methyl bromide 9:1 mixture 


FuMIGANT Wheat Corn 
Gallons Gallons 
l 1.5 
3 4 
2 5 
1.5 1 
+ 5 
1.5 1 
2 2 
Ethylene dichloride-CCl, 3:1 mixture+10% methyl bromide 2 2 
2 2 
2 2 
2 2 
2 2 
2 2 


Propylene dichloride-CC], 3:1 mixture+10% methyl bromide 





effect of winter is in part lost, owing to the 
insulating properties of bulk grain, and 
fumigation must be resorted to when in- 
festations are present. 

In the southern portion of the wheat- 
growing region of the United States the 
insect problems of wheat storage are more 
acute. Wheat can be stored successfully, 
however, in southern Kansas, the pan- 
handle regions of Oklahoma and Texas, 
and regions with similar climates. Grain 
temperatures in steel bins can be main- 
tained at relatively safe levels throughout 
the year. As shown by temperature curves 
of figure 1-III, mean grain temperatures 
in 1000, 2740 and 5000-bushel bins ex- 


ceed 70° F. only for a short period each 
summer. It has been found that if the out- 
sides of these bins are painted white, the 
grain temperature remains considerably 
cooler and the period during which insects 


The discovery that fumigarts are re- 
tained by wheat in steel bins for periods 
as long as 2 or 3 months after treatment 
suggests the latter part of August as a 
favorable time for fumigation. Insects 
that may have entered the bin during the 
summer are killed, and the residual gas 
will protect the wheat from any migrating 
insects until protection by colder weather 
becomes effective. 

Dosages of common grain fumigants 
satisfactory for use in steel bins are given 
in table 1 for both wheat and corn. Wheat 
stored in wooden farm-type bins in the 
Deep South will require more frequent 
fumigation and larger dosages. More fre- 
quent inspection will also be required to 
prevent damage before remedial measures 
can be applied. 

In terminal elevators the methods of 
grain storage and treatment have not 
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changed materially in the last few years. 
Although the principles governing grain 
conservation are the same for both farm 
and ter.usinal storage, facilities are avail- 
able for handling and treating grain in the 
latter that are not available on the farm. 

Fumigants containing methyl bromide 
or chloropicrin may cause severe losses of 
germination even in low-moisture wheat. 
The recent work of Smith & Staten (1942) 
indicates that damage to the germ of 
wheat by fumigants may impair the bak- 
ing values. The heavier-than-air fumi- 
gants are often retained a long time by 
wheat in steel bins (2 to 16 weeks in actual 
trials) and probably also in concrete or 
steel elevator bins. It should be noted that 
although this enhances their insecticidal 
action in some cases, it also increases their 
adverse effect on germination. 

Seep CoNSERVATION.—In conserving 
seed from insect attack it is necessary to 
avoid treatments that will injure germina- 
tion. With many fumigants germination 
injury is increased if grain moisture is 
above 12 per cent, the concentration ex- 
cessive, or the exposure period prolonged. 
Seed that has a moisture content of over 
12 per cent should not ordinarily be fumi- 
gated. It has been found, however, that 
the 3:1 mixture of ethylene dichloride and 
carbon tetrachloride will not injure germi- 
nation of grain, regardless of its moisture 
content, the concentration of this fumi- 
gant, or the length of exposure. 

Bulk seed is liable to retain fumigants 
unduly, hence should not be treated with 
chloropicrin, methyl bromide, or mixtures 
containing these chemicals, unless the 
seed can be thoroughly aerated after an 
exposure period of 24 hours. The practice 
of mixing crystals of paradichlorobenzene 
with seed for long-time protection is not 
safe, although the vapors from naptha- 
lene appear to have no deleterious effect 
upon germination. 

Some seed disinfectants appear to have 
excellent insecticidal properties and will 
protect seed from insect attack. Seed 
treated with 0.2 per cent by weight of a 
dust containing 8 per cent of mercuric 
phenyl cyanamide and 2.5 per cent of 
cadmium oxide as active ingredients, or 
with 0.3 per cent by weight of a dust con- 
taining approximately 50 per cent ortho 
benzo-quinone dioxeme peroxide as the 
active ingredient has been found to be 
rendered safe from insect damage. These 
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compounds, however, and all other seed 
disinfectants for that matter, must be con- 
sidered as poisonous, and no seed that has 
been treated with them should be used for 
animal feed or human food. 

In experimental use nonpoisonous dust, 
the composition of which cannot be pub- 
lished at this time, has also been found to 
provide perfect protection from insect at- 
tack when mixed with wheat seed at the 
rate of 0.1 per cent by weight. Trouble 
from the development of insect infestation 
in packaged seed could doubtless be elimi- 
nated by treating the seed with this dust. 

Some poisonous dusts are also effective 
in protecting seed from insect attack, al- 
though the desirability of using them is 
questionable. The possibility of surplus 
seed being used for animal feeds is a point 
that should not be ignored. The effect of 
poisonous dusts on germination should 
also be determined before they are used. 

PRESERVATION OF Drigep PROCESSED 
Foop.—In the preservation of dried pro- 
cessed foods from insect damage the two 
most important requirements are the man- 
ufacture of an insect-free product and the 
use of an insect-proof package. 

A general fumigation of mills and other 
dry-food processing plants with hydro- 
cyanic acid, methyl bromide, or chloropic- 
rin from one to three times a year, 
supplemented with local fumigation every 
month of all machinery in which milled 
stock accumulates, will keep the insect 
population at a low level and facilitate 
the production of an insect-free product. 
By the judicious use of high-speed sifters 
or centrifugal force machines, milled prod- 
ucts of fine granulation can be rendered 
free from insect life. Coarser products can 
be treated by centrifugal force, heat steril- 
ization, or fumigation. Centrifugal force is 
being used extensively and successfully 
for the treatment of such products as 
flour, meal, grits, semolina, corn meal, 
powdered soups, wheat germ, feeds, de- 
hydrated foods, etc. 

Individual-package fumigation with some 
of the formates is being practiced to some 
extent. Methyl formate was originally 
used to treat packages of dried fruit, 5 
to 9 cubic centimeters being injected into 
paper bags that were then filled with 25 
pounds of dried fruit. Isopropyl formate 
is now being used extensively for this pur- 
pose in California and is also being used 
to treat packages of pea soup stock. One- 
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cubic centimeter is injected into a Kraft 
paper bag holding 5 pounds of material. 
The bag is then heat-sealed in two cello- 
phane bags. If packages are tight enough 
to retain the vapors, the odors of the form- 
ates are also retained for some time. These 
odors are not objectionable with most 
commodities and usually disappear. 

Insect-Proor Bacs.—Dried processed 
foods are packaged in a miscellaneous 
variety of bags and cartons. Fabric bags, 
which are used extensively for packaging 
flour and other milled cereal products, do 
not protect from infestations by insects. 
Small forms readily crawl through the 
meshes or through needle holes, and adult 
insects thrust their ovipositors through 
the fabric and lay their eggs in the ma- 
terial contained in the bags. It is, of 
course, impracticable to do away with 
fabric bags entirely, but in many cases 
paper bags can be substituted. 

Paper bags afford considerable protec- 
tion from outside infestation if they are 
properly made and sealed. With the excep- 
tion of the cadelle, Tenebroides mauritani- 
cus (L.), and the lesser grain borer, a 
majority of the insect pests of dry-pro- 
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cessed foods have difficulty in cutting 
their way through the walls of substantial 
paper bags. Many of them can and do, 
however, enter through the needle holes 
whenever bags are sewed, unless the holes 
are protected in some way. All seams of 
paper bags should be cemented, and sewed 
tops and bottoms should be protected by 
strips of gummed tape or other covering. 
Cartons sealed and covered with a wet 
wrap that completely covers the closure 
are the best type for excluding insects. 
The cadelle, however, is capable of cutting 
through even a metal-foil-wrapped carton. 

It seems probable that insect-repellent 
chemicals may aid materially in solving 
the problem of keeping insects out of 
susceptible products. These chemical re- 
pellents may be used to impregnate one 
of the plies of multiwall paper bags, the 
coating liquor used to prepare coated 
Kraft paper, or the paper used to make 
single-wall bags. Weak solutions of DDT 
(2, 2-bis(parachloropheny]) -1, 1, 1-trichloro- 
ethane), nicotine sulfate, and potassium 
chromate have exhibited excellent protec- 
tive properties when used experimentally 
as described above.—12-8-43. 
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GEORGIA ENTOMOLOGICAL 
SOCIETY MEETING 


The annual meeting of the Georgia Entomological 
Society was held at Atlanta, Georgia, on April 21. 
Practically all of the civilian entomological workers 
in Georgia attended this meeting as did a number of 
men in the service engaged in entomological work. 
A delegation from South Carolina headed by Profes- 
so Franklin Sherman attended the meeting. One 
feature of the program was a discussion of the work 
of the Fourth Service Command on mosquitoes and 
other insects by Major Stanley J. Carpenter of 
Fort McPherson, Georgia. Officers of this Society 
elected for the ensuing year are Oliver I. Snapp, 
Bureau of Entomology and Plant Quarantine, Fort 
Valley, Ga., president; W. H. Clark, Georgia De- 
partment of Entomology, Cornelia, Ga., vice-presi- 
dent; and Charles H. Alden, Georgia State Entomol- 
ogist, Atlanta, Georgia., secretary-treasurer. 
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Testing Wheats in the Greenhouse for Hessian Fly Resistance 


W . B. Cartwricut and D. W. LaHug, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Field-plot tests of the resistance of 
wheats to the hessian fly Phytophaga de- 
structor (Say), in the fall are often incon- 
clusive at La Fayette, Ind., because of in- 
sufficient infestation, delays in wheat seed 
ings or germination owing to adverse 
weather, and the effect of early freezes 
and low fall temperatures in retarding the 
development of the infestation and ex- 
tending the examination of the nursery 
rows into the winter season. Even with 
seemingly perfect prospects for positive 
tests in the field no significant results may 
be obtained for one or more years, the 
wheat stocks become overburdened with 
lines susceptible to the fly, and the prog- 
ress of the work is seriously retarded. 
Because of these difficulties the authors 
have resorted to the testing of wheat 
varieties for fly resistance under controlled 
conditions in the greenhouse. This method 
has proved to be a satisfactory substitute 
for field tests because dependable popula- 
tions of flies can be made available, the 
testing period is more elastic, and several 
thousand wheat strains may be tested 
and retested in a relatively small area, 
with only a small amount of equipment. 
From studies made during the period 
1938-43, in which several hundred thou- 
sand wheat plants were tested, the method 
has evolved into the procedure described 
below. 

EquipmMEent.—The equipment used (Fig. 
1) consisted of: 

1. Greenhouse space with controlled 
temperature. 

2. Standard greenhouse flats 20 by 
14 inches in size, which conserve space and 
are not too heavy for handling easily. 

3. Bleached cheesecloth or tobacco 
shade cloth for cage tents to confine flies 
on flats. Cheesecloth 1 yard wide is well 
suited for general purposes, but the wider 
tobacco shade cloth is desirable for large- 
scale tests involving several flats or for 
mass breeding of flies when exact counts 
of flies are not needed. Some adult flies 
escape through the meshes of tobacco 
shade cloth. 

4. Miscellaneous small greenhouse 
items. 

TEMPERATURE AND Huvmipity ReE- 


QUIREMENTS.—A sunny greenhouse sec- 
tion where the daytime temperature 
approaches 65°—70° F. is preferable. Con- 
tinuous temperature above 70°, humidity 
below 40 per cent, and shade affect wheats 
and flies adversely. Temperatures ap- 
proaching 60° are desirable at night, and 
for some differential tests. Humidity 
higher than 40 per cent is desirable. The 
hessian fly breeds prolifically in the green- 
house. Its cycle from egg to adult covers 





Fic. 1.—Equipment and arrangement for single-flat 
test of 12 rows of wheat. 


approximately 1 month when the daily 
temperature ranges from 60° to 70°. The 
egg stage lasts 3 to 5 days, the larval 
stage 11 to 20 days, and the pupal stage 
10 to 15 days. 

SeepiInc oF Wueat.—The flats are 
filled with sifted soil, either dry or slightly 
moist, to within about a half-inch of the 
top. The soil is then furrowed crosswise 
with 12 rows. For routine testings rows 1 
to 5 and 8 to 12 are seeded to untested 
wheats, while the 2 central rows, 6 and 7, 
are always seeded to susceptible and re- 
sistant checks. Experience has shown that 
the degree of infestation in the resistant 
and susceptible rows is not affected by 
their location in the flat. To conserve 
space in the greenhouse, a flat may be di- 
vided into 2 longitudinal sections of 12 
rows, each section being treated as a 
normal whole-flat seeding. This arrange- 
ment is useful for replicated tests requir- 
ing special discriminations and statistical 
analyses. In general procedure, 25 grains 
of wheat are seeded in each row of a flat, 


385 





386 


or 300 grains per flat, but these numbers 
may be increased or decreased as the oc- 
casion demands. The rows are covered 
with a half-inch of sifted soil and sprinkled 
thoroughly with water, care being taken 
not to disarrange or flood the seed out of 
the ground. A light watering daily 
throughout the experiment is of prime 
importance to keep the soil moisture and 
the air humidity favorable for the flies 
and plants. All flats are carefully marked 
and recorded. 

Srock F.iies.—It is important to have 
a relatively large population of flies in 
various stages of development available 
before any experimental wheats are 
seeded. The initial population or stock is 
ordinarily obtained by rearing flies from 
stubble, volunteer wheat, or stored ma- 
terial. The succeeding generations are 
continued in the greenhouse on suscep- 
tible wheats seeded in the standard flats. 
By infesting 5 to 10 flats of wheat seed- 
lings daily, a continuous emergence of 
several hundred flies daily can be reached 
and sustained for the period October to 
April. The space requirements in the 
greenhouse may be arranged to provide 
for 50 to 200 flats of stock material. A sin- 
gle flat with 300 susceptible wheat plants 
and with 90 to 100 per cent of the plants 
infested will produce from 200 to 800 fe- 
male flies from an initial exposure to 40 
females, but the emergence of the adults 
from a flat will extend over a period of 
several days. 

Emergence of female flies and most 
male flies takes place early in the morning. 
The females mate soon after emerging 
from the puparia and oviposition begins 2 
to 4 hours later. For a rapid turn-over of 
work, the adult flies may be allowed to 
emerge directly from the increase flats 
without the plants having been dug, and 
to migrate to fresh increase flats, or even 
to variety test flats by having the two 
series covered with a single cloth. The 
number of female flies that have emerged 
from the increase flats may be estimated 
early in the morning before flight activity 
begins, and a sufficient number of test or 
increase flats may then be assembled with 
these flies as a single cage for infestation. 
When stock flats become depleted of flies 
they are replanted and reinfested. 

INFESTING THE WuHeats.—When the 
wheat seedlings have reached the one- 


blade or two-blade stage—the stage of 
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growth normally reached in a warm green- 
house (65°-70° F.) from 5 to 8 days after 
the wheat is seeded—they are ready to be 
infested. Cages for confining adult flies 
over the flats are made by pushing 12-inch 
garden stakes into the soil at the mid- 
points or the corners of the flats and drap- 
ing cheese cloth or tobacco shade cloth 
over them. The cloth is cut into appro- 
priate lengths to cover one flat, two flats, 
or more, pulled snugly over the stakes, and 
attached to the sides of the flats with 
thumbtacks. 

Under optimum conditions 40 healthy 
female flies and 20 or more males per flat 
of 300 plants are confined on the enclosed 
wheat. With proper light and temperature 
an average of 10 or more eggs per plant 
will be deposited on 95 to 100 per cent of 
the plants of each flat on the first day; 
however, on a dark day a bright light over 
the cages may be necessary to induce mat- 
ing and oviposition. If the greenhouse has 
been too dark or cold for oviposition on 
the first day, more flies may be added on 
the second or third day. Care must be 
taken to see that enough eggs to produce 
infestation are deposited on all varieties 
in each flat. 

To prevent etiolation and possible loss 
of varietal characteristics the young plants 
are uncovered after sufficient fly eggs are 
laid on them. The humidity is kept mode- 
rately high (over 40 per cent) during the 
oviposition and hatching periods to pre- 
vent mortality of the eggs and young lar- 
vae. This can usually be accomplished by 
spraying, daily or more frequently, cold 
water onto the hot-water pipes until the 
room becomes completely fogged. 

Resutts AND  INTERPRETATIONS.— 
About the tenth day after the wheats 
have been infested with eggs, susceptible 
plants show dwarfing of the second and 
third leaves, caused by the feeding of the 
small larvae, but more decisive symptoms 
of dwarfing are evident after most of the 
larvae have reached maturity or the pu- 
parium stage, about the twenty-first day 
(Fig. 2). 

Infestation counts are made with a 
minimum amount of labor during the 
third and fourth weeks after oviposition. 
To determine the plant infestations, each 
row of a flat is dug with a putty knife or 
similar tool, the plants are counted, and 
the number and percentage of infested 
plants are recorded. A plant is considered 
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infested if one healthy larva or viable pu- 
parium is found in it. Supplementary notes 
sometimes may be necessary on the resist- 
ant wheats, as impoverished puparia may 
be found in them or sticking to the out- 
grown leaves. In such instances there is 
usually no marked dwarfing of the plants, 
as has been observed in purely susceptible 
wheats. 

With a successful test each flat will 
show the susceptible check wheat to be ap- 
proximately 90 to 100 per cent infested 
and strikingly dwarfed. The resistant 
check will show a significantly lower in- 
festation and lower degree of injury. The 
infestations in the other rows of the flat 
will depend on the genetic constitution of 
the lines being tested. The homozygous 
resistant lines will approach the plant in- 
festation of the resistant check, the purely 
susceptible lines will approach the infesta- 
tion of the susceptible check, and the het- 
erozygous lines will show an intermediate 
reaction depending on the number of fac- 
tors involved and the dominance or reces- 
siveness of the resistant genes under the 
conditions of the test. 

Interpretations are made by compari- 
son of the infestations in the test wheats 
in an individual flat with those in the re- 
sistant and susceptible checks in the same 
flat. There may be differences in plant in- 
festations of resistant checks in different 
flats, owing to variations in heat and light 
in the greenhouse and perhaps to unequal 
numbers of eggs initially deposited on the 
plants, but the results obtained in the 
greenhouse correlate satisfactorily for 
practical purposes with data obtained in 
the field. Since there usually is ample ovi- 
position on practically all the plants in 
the greenhouse tests, the susceptible lines 
are conspicuous because of dwarfing and 
the resistant lines are subjected to severe 
trial. Plants reacting as resistant can be 
transplanted to pots and matured in the 
greenhouse. An infestation test of the 
progeny, conducted in greenhouse flats, is 
advisable later to determine which, if any, 
of the plants are heterozygous and which 
are escaped susceptibles. 

StorRaAGE OF INrestepD MATERIAL.— 
Sufficient data have not yet been obtained 
on the proper temperature and humidity 
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requirements for storing fly-infested wheat 
plants during the summer months, but 
moderate success has been attained by 
refrigeration at temperatures of 35° to 
43° F. Puparia have remained viable when 
infested plants were stored dry in the 
greenhouse where no special effort was 
made to maintain a high humidity but 





Fic. 2.—Contrast of Yaroslav emmer (left, resistant, 
not infested) and Vernal emmer (right, susceptible, 
and heavily infested) in greenhouse test. 


where they were kept shaded so far as pos- 
sible from the direct heat of the sun and 
were also protected from mice. 

ContTrRot oF Pests AND DisEAses.— 
Parasites of the fly may breed in the 
greenhouse and deplete the stocks. To pre- 
vent this, parasitized stocks are isolated 
and any hessian flies emerging from them 
are separated from the adult parasites by 
picking them up with an aspirator, after 
which the parasites are destroyed. After 
the hessian fly eggs have hatched, aphids 
on wheat plants are controlled with a dust 
containing not less than 4 per cent of 
nicotine. Mildew is controlled on stock 
wheats by using seed of the mildew-resist- 
ant Michigan Amber 29-1-1-1 variety or 
by the use of fine sulfur dust. In general, 
sprays and fumigants are avoided in order 
to prevent death of flies and eggs.~Mice, 
crickets, sowbugs, and roaches sporadical- 
ly become troublesome by digging out the 
germinating seed or cutting off the young 
plants, but these pests can be controlled 
by traps or poisoned baits.—12-27-43. 











Recirculation in Atmospheric Fumigation of Commodities 
with Nitriles.' 
E. H. Guass, Ohio State University, Columbus 


According to Cotton et al. (1937) the 
dosage of ethylene oxide-carbon dioxide 
mixture required to give a 100 per cent 
kill of flour beetles in a vacuum chamber 
loaded with rice could be reduced 25 per 
cent by recirculating the gas in the cham- 
ber by means of the vacuum pump and 
by-pass. Recirculation for only 15 minutes 
of the 1 hour exposure period produced the 
same increase in effectiveness as longer 
periods of recirculation. The writers stated 
that this process appeared to cause the re- 
lease of some of the gas absorbed on the 
outer portion of the commodity so that it 
soon became more uniformly distributed 
throughout the chamber. 

To find out whether recirculation is also 





Fic. 1.—The 6-liter fumigation chamber with basket 
of flour and box of insects. 


advantageous in atmospheric chambers, 
the writer undertook a study of the prob- 
lem in the laboratory with new fumigant 
mixtures in a small glass container and on 
a practical scale in a 740 cubic foot cham- 
ber. 

Laporatory Tests.—Using a 6-liter 
desiccator (Fig. 1) at 78° F. as a fumiga- 
tion chamber, comparative dosage-mortal- 
ity curves with and without recirculation 
were obtained for an acrylonitrile-carbon 
tetrahcloride mixture (50-50 by volume). 
The confused flour beetle, Tribolium con- 
fusum Duval, was reared in whole wheat 
flour plus a little brewer’s yeast and adults 

1 A project of the Ohio State University Research Foundation 
in cooperation with the American Cyanamid and Chemical Cor- 


poration, New York, N. Y.; supervised by Professor F. L. 
Campbell. 


were used as test insects at the age of 4 to 
6 weeks. They were placed in pill boxes 
with an organdy top and bottom, 50 in- 
sects per box. The boxes were both ex- 
posed and buried in 800 grams of white 
flour in a container in the desiccator. 
From 550 to 900 insects were used to ob- 
tain each curve. The pump was connected 
to the chamber with glass tubing fitted 
with ground glass joints. Air and vapor 
were recirculated at the rate of 1 chamber 
volume per minute, continuing during the 
entire 1-hour exposure period. The vapors 
were removed from the bottom and re- 
turned at the top. In tests without re- 
circulation the pump was run for 2 min- 
utes to fill the pump and tubing with the 
vapor (Fig. 2). 

Curves with and without recirculation 
were also obtained for a trichloroacetoni- 
trile-acrylonitrile mixture (7 to 3 parts by 
volume) using the same insect. By placing 
3 boxes of insects in each test, one exposed 
and two buried in 800 grams of flour (one 
being removed directly after the fumiga- 
tion and the other 24 hours later), three 
curves were obtained for each fumigation. 

The liquid fumigants were introduced 
at reduced pressure, about 600 mm. Hg 
for the first mixture and 660 mm. for the 
second. The data were plotted as probits 
against logarithms of the dosage, and the 
curves were computed according to the 
methods of Bliss (1935a). 

The results of the laboratory tests are 
given in figure 3. A and B show the curves 
for the acrylonitrile-carbon tetrachloride 
mixture, (A) beetles exposed and (B) 
buried in flour, C, D, and E give the 
curves for the trichloroacetonitrile-acry- 
lonitrile mixture, (C) beetles exposed, 
(D) buried and removed from the flour 
immediately after the fumigation, and 
(E) buried and left in the flour for 24 hours 
after the fumigation. 

In A-E the probabilities are given that 
the curves with and without recirculation 
are the same with regard to position (t,) 
and slope (t,). As all paired curves do not 
differ significantly in position or slope, it 
is concluded that recirculation did not 
increase the effectiveness of the fumiga- 
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tions in the small chamber under the 
conditions of the experiments. 

The median lethal concentrations in 
mg./l. were approximately as follows: 
A 191, B 407, C 48, D 62, E 50. Note that 
A/C=4.0, whereas B/D =6.6, indicating 
not only that the trichloroacetonitrile- 
acrylonitrile mixture is more toxic than 
the acrylonitrile-carbon tetrachloride mix- 
ture, but that the former probably pene- 
trates flour better than the latter. 

To demonstrate the well-known post- 
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openings at the floor level. Two speeds 
were used; half speed, moving two cham- 
ber volumes per minute and full speed, 
moving four chamber volumes per minute. 
There is a slatted false floor 4 inches above 
the real floor, which allows the vapor to 
circulate under the commodity. Tempera- 
ture is regulated by a thermostat that 
controls the flow of hot water through 
heating pipes under the false floor. 
Instead of loading the chamber with 
heavy, expensive bags of flour, only two 





Fic. 2.—The 6-liter chamber in a water bath, show- 
ing recirculation pump and connections. 


fumigation effect the paired curves of 
C, D and E are combined as three single 
curves, c, d, and e, in figure 3, F. It is evi- 
dent that the fumigant was almost as 
effective against buried insects left in the 
flour for 24 hours after the exposure 
period (e) as it was against exposed in- 
sects (c). It was distinctly less effective 
against insects that were removed from 
the flour at the end of the exposure period 
(d). 

CHAMBER Trsts.—To study the effect 
of recirculation under more nearly prac- 
tical conditions, tests were made in a 
chamber of 740 cubic feet capacity, in- 
cluding the ducts used for recirculating 
the air. The ducts, opening on either side 
and at the top and bottom, lead to a 
blower type fan at the rear of the cham- 
ber. Dampers may be manipulated so as 
to recirculate the air or ventilate the 
chamber. When the dampers are set for 
recirculation, the air is blown in at the 
top and is returned to the fan through the 


bags were used and were surrounded by 
110 bags of sawdust, which were piled to 
occupy 65 per cent of the volume of the 
chamber. Two lots of bags were used so 
that one could be aired while the other 
was being fumigated. Confused flour 
beetle adults in pill boxes with organdy 
tops and bottoms were used as the test 
nsects. Six boxes were placed in each of 
the two 98-pound bags of white flour; two 
in the middle, two one fourth the length 
of the bag from the end and two in the 
end. When the chamber was loaded, the 
flour bags were placed so as to occupy the 
middle of the pile of bags of sawdust. In 
order to make additional observations on 
effectiveness and penetration of the fumi- 
gant, four 2-inch glass cylinders were 
filled with flour and pill boxes, each con- 
taining 25 beetles in flour. The boxes were 
spaced at intervals of an inch down to 
6 inches below the open end of the cylin- 
der, which was covered with organdy. 
These cylinders and the bags of flour were 
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Fic. 3.—A-F, dosage-mortality curves with and without recirculation in 6-liter chamber. 
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A and B, 


CH,CHCN+CCl, insects exposed in A, in flour in B.C, D, and E, ClCCN+CH,CHCN, insects exposed 


in C, in flour 1 hour in D, in flour 1+24 hours in E. In F the pairs of curves in C, 


D, and E are combined. 


showing 24 hour postfumigation effect in c. 


placed in the same positions in the cham- 
ber in all tests. The open end of cylinder 
A was at the top of the pile, that of B at 
the floor; C and D lay in the middle beside 
a bag of flour. The open end of the latter 
was pushed against a bag of sawdust, 
whereas the other opened into a space be- 
tween the bags. The boxes were removed 
from the cylinders immediately after each 
fumigation, but the beetles were not sifted 
from the flour in the boxes until 24 hours 
later. The boxes were not removed from 
the bags of flour until 48 hours after each 
fumigation. Checks were run for all tests, 
but the mortality was so small that it was 
ignored in the computations. 


A 50-50 mixture by volume of acrylo- 
nitrile and carbon tetrachloride was ap- 
plied at 6 pounds per 1000 cubic feet by 
evaporation from charged absorbent pel- 
lets spread on a screen above the pile of 
bags. In 9 tests with 12-hour exposures, 
three were made without recirculation, 
whereas the others involved recirculation 
at half or full speed for part or all of the 
exposure period. Of the tests made with a 
trichloroacetonitrile-acrylonitrile mixture, 
70 to 30 by volume, only two are compara- 
ble; one without recirculation and the 
other with 30 minutes at half speed. In 
these tests a 100-pound bag of rice was 
substituted for one of the bags of flour. A 
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dosage for each mixture that would give 
incomplete kills was purposely chosen so 
that any possible differences might be de- 
termined. 

The results of the chamber tests are 
given in table 1. The kills of the insects in 
the bags of flour were quite uniform 
throughout the 9 tests, showing that re- 
circulation did not increase the effective- 
ness of these fumigants on confused flour 


GLass: FuMIGATION wiTtH NITRILES 


391 


penetration of lethal concentrations of 
its vapor into flour. 

SUMMARY AND ConcLusions.—Labora- 
tory and large chamber fumigations with 
acrylonitrile-carbon tetrachloride and tri- 
chloroacetonitrile-acrylonitrile mixtures 
were made to study the possible value of 
recirculation in atmospheric chambers. 
Several comparable dosage-mortality 
curves for the confused flour beetle, 


Table 1.—Results of 12-hour commodity fumigations with nitriles in a large chamber. 





—— 





TEMPERATURE 
OF 


PERCENTAGE OF FLOUR BEETLES 
KILLED IN CYLINDERS— 


PERCENTAGE OF 
Fiour Breeries 
KIr_ep in Bacs— 








Air 


RECIRCULATION 


Sawdust Flour A 


B Cc D Flour (1) Flour (2) 





Acrylonitrile-Carbon Tetrachloride (50-50) 6 Ibs./1000 cu. ft. 


None 82 75 76 75.0 50.0 48.3 56.7 36.0 34.7 
None 79 76 78 41.3 40.7 656.7 29.3 34.7 42.7 
None 83 51 80 79.3 70.0 66.0 39.3 42.0 43.3 
} speed, 30 minutes 85 75 78 58.0 40.7 28.0 382.0 38.0 36.6 
} speed, 30 minutes 81 15 78 57.3 41.8 $7.3 43.3 33.3 36.0 
Full speed, 30 minutes 83 76 79 50.7 48.3 34.7 30.7 35.3 34.7 
4 speed, 1 hour 80 74 78 40.0 34.0 23.3 10.7 37.3 40.0 
4 speed, 2 hours 77 74 77 52.7 42.0 44.7 41.3 37.3 37.3 
} speed, 12 hours 79 75 78 42.0 34.7 40.0 22.0 36.0 34.7 
Trichloroacetonitrile-Acrylonitrile (70-30) 1 lb./1000 cu. ft. 
None 80 78 78 90.0 838.3 76.7 78.3 95.3 97.0" 
4 speed, 30 minutes 81 77 78 91.7 86.7 90.0 85.0 98.0 98.7! 





1 Rice instead of flour. 


beetles. The results in the cylinders were 
more variable than in the bags, but again 
there was no evidence that recirculation 
was beneficial. As the kills in the two tests 
with the trichloroacetonitrile-acrylonitrile 
were high, no definite conclusions can be 
drawn on the effect of recirculation in this 
comparison, although it does not appear 
to be beneficial. 

It is shown that 1 pound of trichloro- 
acetonitrile-acrylonitrile was more effec- 
tive than 6 pounds of acrylonitrile-carbon 
tetrachloride. The former killed insects at 
deeper levels in the flour than did the lat- 
ter. In the light of the laboratory results 
on relative toxicity, it seems probable that 
part of the superiority of the former in the 
chamber can be attributed to greater 


with and without recirculation, demon- 
strated that recirculation did not in- 
crease the effectiveness of fumigations 
in a 6-liter chamber under the condi- 
tions of the experiments. The results of 
11 tests with and without recirculation in 
a 740 cubic foot atmospheric chamber 
likewise showed that recirculation did not 
increase the effectiveness of the fumiga- 
tions against this insect under the existing 
conditions. 

The _ trichloroacetonitrile-acrylonitrile 
mixture (70-30) was not only more toxic 
than the acrylonitrile-carbon tetrachloride 
mixture (50-50), but the vapor of the 
former appeared to penetrate deeper into 
flour in lethal concentrations.—1-10-43. 
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Insects Affecting Guayule with Special Reference to Those 
Associated with Nursery Plantings in California’ 


W. H. Lanae, Jr., California Agricultural Experiment Station 


The guayule shrub, Parthenium argen- 
tatum Gray (Fam. Compositae), has re- 
cently received much attention in the 
United States as a source of natural rub- 
ber although experimental work in Cali- 
fornia and other localities has been in 
progress by private interests for a number 
of years. Approximately 30,000 acres have 
already been planted to this shrub in Cali- 
fornia. In addition, a number of large 
nurseries are located in California to pro- 
duce guayule plants in wholesale numbers. 

The main purpose of this paper is to 
present information which was collected 
during 1942 concerning insects causing in- 
jury to nursery and field plantings of 
guayule in the Salinas Valley of Califor- 
nia. An attempt is also made to tabulate 
the insects causing injury in other areas 
of California and elsewhere so that this 
information will be readily available. Con- 
trary to the general belief, guayule has a 
large fauna of insects associated with it 
and several have caused injury to plants 
in localized areas of the nurseries. The in- 
festations to date have not assumed major 
importance, but where optimum produc- 
tion of plants is the goal, the control of 
insects is a necessity. 

The conditions created in the nurseries 
where plants are set out in beds and fre- 
quently irrigated are ideal for the build-up 
of large populations of insects. In the 
Salinas area these insects in the nurseries 
were the same as those occurring in field 
plantings, and during this survey the 
populations of insects in the nurseries 
were greater than those in the field plant- 
ings. The relationship of lygus bugs and 
other insects to the viability of seed, and 
insects affecting guayule in greenhouses 
were not considered during this investiga- 
tion. 

There are few published references deal- 
ing with insects affecting guayule. Lloyd 
(1911) reported on the insects of guayule 
in the Southwest and Baumhofer (1942) 
presented a tabulation of potential insect 
pests. 


1 The author is indebted to the following individuals who have 
assisted materially in field work or in other phases of the investi- 
tion: Evan W. Kelley, W. A. Campbell, Bailey Sleeth, Mrs. 
‘dna Shepherd, Mrs. Vera Dudley, C. F. W. Muesebeck, T. P. 
Cassidy, V. E. Romney, W. G. McGianice, and A. C. Hildreth. 


For convenience the insects affecting 
guayule are separated into those of pri- 
mary importance and those of secondary 
importance, the more important forms 
being discussed first. 

TWELve-Spottep CucuMBER BEETLE, 
Diasrotica Beetie, Diabrotica 11-punc- 
tata (Mann.).—Damage by this common 
beetle at Salinas was first noticed on June 
9 in the Alisal Nursery. The adult beetles 
eat out holes in the leaves and their injury 
was more severe in several sections adja- 
cent to a bean field. During June and July 
numerous mixtures were applied to test 
plant tolerance, and by July 17 it was 
noticed that the beetles stopped feeding 
on the leaves and began feeding on the 
developing flowers. 

On the basis of this preliminary work 
a pyrethrum-Lethane dust containing 0.2 
per cent pyrethrins, and 1.65 per cent thi- 
ocyanate (from Lethane 60) at the rate of 
100 pounds to the acre, or a 50 per cent 
cryolite (natural) dust (applied at the 
same dosage) were found most effective. 
The pyrethrum-Lethane dust should be 
applied at temperatures between 50 and 
65 degrees F., and when no wind currents 
are present so the dust does not drift far 
ahead or sideways from the duster. 

Wrireworms, Limonius  californicus 
(Mann.), L. canus Lec. L. infuscatus 
Mots.—Wireworm damage was found 
widely distributed in the nurseries, espe- 
cially in areas where truck crops had been 
grown previously. Damage was first no- 
ticed in May and the Alisal Nursery, and 
during July and August severe damage was 
found on older plants in the Santa Rita 
Nursery. On the older plants the injury to 
the roots consists of feeding on the epider- 
mis and cortex, leaving the inner woody 
elements. On smaller seedlings the entire 
tap root is severed thereby killing the 
plant. The limited nature of the infesta- 
tion did not warrant extensive control 
operations in the nurseries. On August 21, 
dichloroethyl ether used at the rate of 2.5 
and 5 ce. to each pint of water with Amine 
220 as the emulsifier (used at the rate of 
2.0 per cent by volume) was tried in a lim- 
ited test in the Santa Rita Nursery. Differ- 
ent dosages were tried varying from one to 
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two pints of the emulsion to each plant. 
Other tests were tried using the emulsion 
on the basis of one pint to each lineal foot 
of plant row. The results were favorable 
both from the standpoint of plant toler- 
ance and kill or repellency of wireworms. 

Learnoprers.—Leafhoppers as a group 
were the most commonly observed insects 
occurring on guayule plants in nursery 
beds. They were less abundant in field 
plantings. Although 14 different species 
have been found in the Salinas Valley the 
commonest were Empoasca arida DeL., a 
small, greenish species which is very 
abundant, the aster yellows vector, Mac- 
rosteles divisus (Uhler), and two large 
green species, Draeculacephala minerva 
Ball and Carneocephala fulgida Notting- 
ham. 

The above mentioned species have all 
been observed breeding on guayule. Many 
of the other species are undoubtedly mi- 
grants into guayule plantings from other 
plants. No serious injury attributable to 
leafhoppers has been observed although 
they are often very abundant. Noticeable 
injury to seedlings by Empoasca arida 
DeL. was observed at Quail Creek on 
October 26. The leaves were dark-spotted 
and had a mottled, whitened appearance. 
The injury was more severe because the 
plants were suffering from a lack of mois- 
ture. Rotenone extracts or combinations 
of rotenone and pyrethrum extracts were 
found efficient in reducing populations of 
leafhoppers in the nurseries. A vapo-oil 
rotenone mist (Vapono-3, Shell Oil Com- 
pany) applied at the rate of 7 gallons to 
the acre also gave an excellent kill. 

Turips.—Three species of the so-called 
flower thrips, namely, Frankliniella moul- 
toni Hood, F. occidentalis (Perg.), and F. 
minuta Moulton are the commonest spe- 
cies of thrips associated with guayule 
plantings. Their most frequent injury is a 
distorting and curling of the leaves of the 
small plants, apparently caused by vein 
feeding during the younger growing pe- 
riod of the leaves. This type of injury is 
shown in figure 1. Those nursery beds 
planted after June 1 showed flower thrips 
injury due to migrations into the plant- 
ings at this time. Although these thrips are 
abundant in the flowers of both nursery 
and field planted guayule, no apparent 
injury could be detected. The onion 
thrips, Thrips tabaci Lind., is found asso- 
ciated with the flower thrips in the 
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flowers, but the extent of its injury was 
not determined. A predacious thrips, 
Aelothrips sp., is also found. A rotenone 
extract (5 per cent rotenone) used at the 
rate of 1 part to 800 parts water, together 
with a suitable spreader gave a fair re- 
duction in the population of thrips. Sev- 
eral pyrethrum extracts tried did not give 
adequate control. 

Woo.ty-Bear CATERPILLARS.—Small 
caterpillars of this species Estigmene acraea 
(Drury), are gregarious, skeletonizing the 
leaves of nursery plants and later separat- 
ing to feed individually on the plants. 
Control was accomplished through spot 





Fic. 1.—Flower thrips injury to a young guayule 

plant showing extreme distorting of leaves. Alisal 

Nursery, August 20, 1942. Photograph by W. C. 
Matthews. 


treatment of the infestations using 3 to 
4 pounds of standard lead arsenate to 
100 gallons of water together with a suit- 
able spreader such as blood albumen. In 
the fall, ditches were also placed around 
nursery beds to trap the migrating cater- 
pillars. - 

Tue GuayuLe Stem Borer.—There 
was evidence during the summer of 1942 
at both the Alisal and Santa Rita Nurs- 
eries of a dipterous borer, Agromyza virens 
Loew, which burrowed into the stems of 
nursery plants. No adults were reared at 
this time. On June 25 and July 23, W. A. 
Campbell collected single plants which 
showed burrows of this insect and in one 
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instance the puparium was present. 

It was not until October in the Santa 
Rita Nursery that considerable injury by 
Agromyza virens was discovered. Several 
beds in certain sections had been killed by 
weed control experiments earlier in the 
year, and the beds had been re-seeded. 
Adults of this insect apparently selected 
the young seedlings up only several inches 





Fig. 2. 
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growth. This rosetted condition is shown 
in figure 2. Occasionally a plant was killed 
by this borer, but apparently in associa- 
tion with secondary fungus organisms. 
A survey was made at the Santa Rita 
Nursery during October and November to 
determine the extent of the infestation. 
Wilted plants were pulled and each exam- 
ined individually for evidence of burrows. 


Y 


Rosetting of guayule plant caused by earlier infestation of the guayule stem borer, Agromyza virens: 


normal plant on left, rosetted plant on right. Quail Creek Nursery, December 11, 1942. Photographs by 
W. A. Campbell. 


as sites for egg deposition and a moder- 
ately severe infestation developed. 
Typical injury was evidenced by a wilt- 
ing of the terminal shoot. Apparently the 
eggs are inserted into the terminal shoots 
and the maggots bore downwards finally 
pupating inside the stem just above 
the crown. In certain instances maggot 
borings are evident as blackened areas at 
the crown level. Occasionally a maggot 
bored up a lateral shoot and not the ter- 
minal, or the maggot after boring down 
would crawl up the old burrow again to 
pupate in the center or top of the burrow. 
The burrows appear dark and are easily 
seen when the stems are split. Only one 
maggot has been found to a single plant. 
The burrowings do not usually kill the 
plant, although the killing or damage to 
terminals causes a rosetting of the plants, 
which is not evidenced until later in their 


The counts are not entirely inclusive as 
some plants had not yet shown visible 
evidence of wilting. The range in numbers 
of affected plants was from 7 to 693 
plants to a bed of 1600 square feet. 

On October 20, 21 per cent of the borers 
in 100 plants from the Santa Rita Nursery 
were visibly parasitized by chalcid para- 
sites, 6 per cent killed by a cottony fungus 
or unknown causes, and 14 per cent which 
did not produce flies. This count was not 
complete because it was impossible to 
tell in some cases whether the larvae inside 
the puparia were parasitized or not. Later 
emergence showed that 81 per cent of the 
fly puparia were parasitized. 

Two chalcid parasites reared from 
Agromyza virens have been determined 
by A. B. Gahan as Syntomopus ameri- 
canus Ashm. and Halticoptera aenea 
(Walk.). A later count showed the propor- 
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tion of species to be Syntomopus, 72 per 
cent, and Halticoptera, 28 per cent of the 
total. 

On October 21 and 22, 1370 wilted 
plants were placed in cages to record emer- 
gence of flies and parasites. Flies emerged 
up to December 8, but parasites emerged 
until February 2, 1943. A parasitism of 61 
per cent was recorded for Syntomopus and 
Halticoptera from this particular lot. 

Dr. C. F. W. Muesebeck reports* that 
Agromyza virens is a common and widely 
distributed form with numerous host 
plants. These hosts include Ambrosia, 
Laniana, garden peas, clovers, Zinnia, 
ginseng, Amaranthus, guayule, cornflower, 
Verbena, Helianthus, Rudbeckia, and many 
others. The paper by Webster & Parks 
(1913) can be consulted for further bio- 
logical and distributional information. 

Considering this extensive list of host 
plants and the two highly effective para- 
sites, it is highly improbable that this 
borer will be serious except in localized 
areas such as occurred at Santa Rita. 

In order to determine the period of 
emergence of flies in the field, celluloid 
and cloth, and cellophane cages were used 
on October 25 to cover 15 infested plants. 
Observations showed that on October 27, 
1942, about 8 per cent of the flies had 
emerged. On December 6, one adult fly 
was found inside a cellophane cage and 
several live parasites. The cages had to be 
removed on this date, but it was apparent 
by dissection and later observation that 
about 80 per cent of the pupae had inter- 
nal chaleid parasites and that flies and 
parasites continue to emerge during De- 
cember, January and to a limited extent, 
into February. 

From these preliminary observations 
made during only one season it would ap- 
pear that there are two generations a 
year. In sweepings of the plants, one male 
was taken on June 29, 1942, several on 
August 24 and 25, and one on November 
4. The spring generation adults may 
emerge from June to August, the fall gen- 
eration adults from October to the follow- 
ing February. No control measures were 
employed except hand pulling and the 
damage was not serious enough to cause a 
great deal of concern. 

Carrot Muck Beet te, June Beet_e. 
—Certain plots of transplanted guayule 


? Letter to author dated December 14, 1942. 
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have suffered severe injury from the 
adults, and possibly the larvae of the 
scarabaeid beetle, Ligyrus californicus 
Csy., in Arizona and California. The 
adult beetles are commonly found at 
depths ranging from 4 to 24 inches in the 
soil where they feed on the cortex of the 
roots leaving the exposed central cylinder 
usually resulting in severe injury or death 
of the plants. On August 7, 1942, E. E. 
Lewis sent in adults and injured plants 
from the Moreno and Palmdale plots in 
California. 

GrassHopprers.—On July 9, 1942, at 
Willows, W. A. Campbell reported a pilot 
plot practically defoliated by grasshop- 
pers. The Forest Service also reported 
damage at Mendota at almost the same 
time. Apparently no determinations of the 
species involved were made. 

Lyeus Bucs.—These bugs are the most 
abundant insects on guayule during the 
flowering period, and are a group which 
will require further detailed and careful 
investigation, especially in relation to 
their possible affect on reducing the viabil- 
ity of seed. In the spring the feeding of 
Lygus sallei Stal often causes a severe 
wilting and set-back of terminal growth. 
This injury becomes evident as a witches 
broom effect on plants in the field. 

Tue GuayuLe Borer.—The work of 
the scolytid Pityophthorus nigricans Bland 
is reported by Lloyd (1911). The beetles 
attack the plants after they are dead, or 
soon after they are cut, often causing in- 
jury to guayule in stacks awaiting treat- 
ment for rubber extraction. The beetles 
apparently breed in the same bark and 
wood for several years. 

Rhizaspidiotus dearnessi (Cockerell).— 
Lloyd (1911) mentions this scale insect as 
Targionia dearnessi Ckll., a widely dis- 
tributed species affecting field plants be- 
low the surface of the soil. McKenzie* 
reports that one shipment of guayule 
plants was intercepted at the Foreign 
Plant Quarantine Office in San Francisco 
in May, 1942, which was heavily infested 
with this scale. He reports the scale to be 
widely distributed throughout Arizona, 
New Mexico, Texas, and as occurring in 
California on manzanita and ceanothus. 
It has been taken many times on Par- 
thenium incanum. 

Ferris (1938) lists this species as origi- 


3 In correspondence with the author, December 14, 1942. 
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nally described by Cockerell from Arcto- 
staphylus uva-ursi, at Ontario, Canada. 
Other hosts include CGutierrezia lucida 
(New Mexico); Helianthus (Kansas); As- 
ter (New York); Ceanothus, Artemisia 
filifolia, Ambrosia, Gymnolomia tenuifolia, 
Chrysoma laricifolia (all from Texas) ; [so- 
coma wrightii (Arizona); Artemisia sp. 
(Utah); and Eriogonum fasciculatum, 
Corethrogyne, Franseria dumosa, and Grin- 
delia cunetfolia (all from California). 

‘erris (1938) lists it as infesting the 
crowns and stems, at times below the sur- 
face of the ground. 

Cius-Lear By A Gaui Friy.—During 
April 1942 an area of natural-growth 
guayule near Shafter, Texas, was damaged 
by the work of a gall-fly (Cynipidae). 
The larvae cause distortion of the leaves 
into club-shaped structures and as the in- 
sects mature and emerge, the leaves die 
leaving a honey-combed structure. Leaf 
replacement is slow and when it stops 
completely the branch dies. Lloyd (1911) 
describes the work of a gall insect which 
is probably this species. 

A gall produced by Cecidomyia par- 
thenicola Cockerell on Parthenium in- 
canum, was reported by Lloyd (1911). 
It was not definitely determined whether 
this was Cockerell’s species, which was 
named from New Mexico. 

During June, 1942, a limited amount of 
injury was caused by the adults of a 
darkling ground beetle, Blapstinus rufipes 
Casey, which fed on the stems of the 
small seedlings. No control was necessary 
due to the limited extent of the injury. 

Fleabeetles (chiefly Systena taeniata 
(Say), the banded fleabeetle) caused no 
noticeable injury during 1942, but the 
insect is mentioned here as one which 
may be dangerous if present in large num- 
bers. This fleabeetle was the commonest 
species found in guayule nursery beds. 

Pill bugs and sowbugs are not insects 
but occasionally cause damage to seed- 
lings by feeding on the tender stems. 
W. A. Campbell reported damage to 
plants being used in packing experiments 
where ideal conditions were made for 
these animals. 

Larvae of a noctuid moth were Heliothis 
phloxiphaga G. & R. occasionally found 
feeding on the flower parts of guayule 
during August and September. Earlier in 
the year adults were collected flying about 
the plants during the afternoon. Other 
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hosts include grasses, Grindelia, phlox, 
tarweed, and many other plants, from 
which adults probably migrated to gua- 
yule. 

During the period of August through 
October several armyworm caterpillars, 
species unknown, were swept from the 
plants. These larvae were brownish in 
color with a white spiracular line. No 
adults were reared. 

On November 23, 1942, in the Alisal 
Nursery, small armyworm larvae, proba- 
bly Laphygma sp., were found feeding on 
the small shoots after germination. No 
adults were reared. The larvae were green 
with a brownish-white spiracular line. 

Two species of geometrids were swept 
from the plants during the period August 
through October, 1942, but no adults were 
reared. The first species has characteristic 
/\ marks down the dorsal line and the sec- 
ond is a peculiar stick-like larva with de- 
veloped spines. 

A small lepidopterous insect was found 
in the old Arguello field at Salinas feeding 
among the interfolded leaves of the new 
buds on November 17, 1942. No adults 
were reared. 

The caterpillars of the painted lady or 
thistle butterfly, Vanessa cardui (Linn.) 
occasionally select guayule causing de- 
foliation and webbing of the leaves. Dam- 
age from larval feeding was reported in 
Arizona and California. 

The variegated cutworm, Peridroma 
margaritosa Haw. is one of the commonest 
cutworms in the Salinas Valley region. It 
occasionally feeds on guayule seedlings at 
almost any time of the year. 

The greasy cutworm, Agrotis ypsilon 
Rott. caused some damage to seedlings in 
the Alisal Nursery during July. 

The Zebra caterpillar, Mamestra picta 
Linne. damaged the San Antonio plant- 
ing in Texas during 1942 where the cater- 
pillars caused injury by cutting off the 
young sprouts. 

During 1942 termites were reported 
working in dried stems of guayule in a 
plot at Arizona. 

Harvester ants have been reported in 
the pilot plots of southern California and 
will undoubtedly be important in Arizona 
and other localities. These ants are great 
foragers and can destroy large quantities 
of seed. Fire ants often injure or kill the 
plants by feeding on the underground por- 
tions. 
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Damage by one of the lacebugs was re- 
ported at Corrizo Springs, Texas, during 
1942, but no details are available of the 
species involved or the degree of injury. 

Puto (Ceroputo) yuccae (Coq.), the so- 
called yucca mealy-bug, infests the under- 
ground portions of the plants (Lloyd 
1911). 

Orthezia sp. is reported on the roots of 
guayule by Lloyd (1911). 

Guayule root aphid, Cerosipha sp. oc- 
curred at Santa Rita Nursery during 
July and August, 1942, where several in- 
festations of this aphid were found on 
roots of guayule seedlings. They were 
located in cavities which had been previ- 
ously made by wireworms near the crowns 
of the plants. This aphid is a dark greyish- 
green, not unlike the color of guayule 
foliage. Immature forms were collected on 
July 12 and 13, and a single winged form 
and apterous forms were collected on 
August 20. 

Other aphids found include Aphis heli- 
chrysi Kalt and Myzus persicae (Sulzer). 
The former species has been found breed- 
ing on nursery plants during the spring 
of the year. The latter species has been 
taken from field plantings. 

On January 14, 1948, larvae of the vege- 
table weevil, Listroderes obliquus Gyll. 
were found causing injury to small seed- 
lings in a nursery at Salinas. The larvae 
fed on the stems and leaves. 

Adults of the serpentine leafminer, 
Liriomyza flaveola (Fallen) reared from 
peas were caged with young guayule 
plants and their progeny were able to com- 
plete their life cycle satisfactorily. No 
field infested plants were found. 

PuystoLoGcicaL Response OF GUAYULE 
TO INSECTICIDES AND Funeicipes.—Dur- 
ing the fall of 1942, an experiment was 
undertaken to determine the effect of 
standard insecticides and fungicides on 
guayule plants in the nurseries. A plot was 
selected in the Alisal Nursery which was 
planted during the late spring of 1942 and 
which had not suffered at any time from 
a drought period. In addition, the plants 
were irrigated (overhead) for several days 
prior to the time of applying the ma- 
terials. A restricted randomized arrange- 
ment of the plots was used, in which one 
treatment occurred once in each block and 
in each bed. A total of thirty treatments 
were used and each was replicated three 
times, or a total of 90 plots. A compressed 
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air sprayer and rotary hand duster were 
used to apply the materials. Two gallons 
of spray were used to treat 150 square feet 
of bed area. The dusts were applied at the 
dosages mentioned in table 1. 

It was necessary to make observations 
on the plants prior to spraying or dusting 
as diabrotica injury, tipburn, and a leaf 
spot were prevalent. In 7 days it was 
apparent that treatment 5, 50 per cent 
sodium fluosilicate dust, and treatment 
13, dinitro-cresol dust, and one plot in 
treatment 14, dinitro-phenol spray, showed 
injury. The materials used, together with 
dosage and injury at 7 and 30 day inter- 
vals are shown in table 1. 

The plants when observed 30 days after 
treatment were all recovering from burn 
injuries except in treatment 13, the 1 per 
cent dinitro-cresol dust, especially in two 
plots where a large number of the plants 
were killed. The results of these treat- 
ments indicate that guayule is very toler- 
ant of a number of insecticides and 
fungicides. 

Two sweepings of the plots were made 
for diabrotica beetles, leafhoppers, and 
lygus bugs, but the results were not sig- 
nificant due to the low populations of in- 
sects and the migration of insects between 
the plots. 

Surveys or Insects.—A detailed study 
of the populations of insects associated 
with guayule seedlings in the nurseries 
was started on August 3, and completed 
October 2. Sweepings were made in cer- 
tain designated sections each week in the 
Alisal, Santa Rita, and Quail Creek nur- 
series using 100 full sweeps as the sampling 
unit. The same sections were swept each 
week, between 1 and 3:30 P.M. The 
nurserymen cooperated in not irrigating 
overhead until after the collections were 
made. The insects collected in the field 
were transferred to cyanide bottles and 
later separated into species and counted. 

For purposes of the survey, counts were 
made on 71 species of insects which were 
considered of the greatest importance. All 
of the insects were kept and later repre- 
sentatives of the different species were 
sent to specialists for identification. A 
total number of 275 species of arachnids 
and insects were subsequently determined 
from guayule. Many were transients on 
the plants, and others were parasitic on 
other insects. Detailed information on 
cultural practices, location of the sections 
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Table 1.—Results of insecticide-fungicide tolerance tests on guayule seedlings. Alisal Nursery, 
applied October 1 and 2, 1942. 

















Dosace 
(Per 100 gallons unless INJURY 
MATERIALS specified) 7 days - $0 days 
Paris green— 3 lbs. None Slight (one plot) 
Hydrated lime 6 Ibs. 
Lead arsenate (standard)— 3 Ibs. None None 
Resin sticker (Orthex) 1 pint 
Lead arsenate (standard)— 6 lbs. None None 
Resin sticker (Orthez) 1 pint 
Calcium arsenate dust— 8 oz. on 150 sq. ft. None None 
(undiluted 70%) 
Sodium fluosilicate dust— 2 Ibs. on 150 sq. ft. Severe Moderate to severe 
(50% strength) 
Cryolite dust (50% strength) 12 oz. on 150 sq. ft. None None 
Cryolite— 6 lbs. None None 
Resin sticker (Orther) 1 pint 
Tartar emetic— 4 lbs. None None 
Molasses (Karo) 16 Ibs. 
Dusting sulfur— 2 Ibs. on 150 sq. ft. None None 
Lime sulfur 2 gals. None None 
Resin sticker (Other) 1 pint 
Light-medium oil emulsion— None Hone 
(Orthol-K) 3 gals. 
Light-medium oil emulsion— 
(Orthol-K) 6 gals. None None 
Dinitro-o-cresol dust— Severe Severe 
(1% strength) 15 oz. on 150 sq. ft. 
2, 4, dinitro-6-cyclohexylphenol— 1.5 lbs. Severe (1 plot) Moderate (2 plots) 
Aresket 2 oz. None (2 plots) None (1 plot) 
Check— None None 
Nicotine sulfate— 1 pint None None 
Light-medium oil emulsion 1 gal. 
Pyrethrum extract (2% pyrethrins) 1 pint None None 
Light-medium oil emulsion 3 gals. 
Rotenone extract (5% rotenone 1 pint None None 
from derris in camphor-sassa- 
frassy oil 
Light-medium oil emulsion 3 gals. 
Thiocyanate (Lethane 60)— 2 gals. None None 
Grasselli Spreader 1 pint 
Phenothiazine dust— 1 Ib. on 150 sq. ft. None None 
(15% strength) 
Check— None None 
Check— None None 
Bordeaux— 6-6-100 None None 
Bordeaux— 6-6-100 None None 
Light-medium oil emulsion 3 gals. 
Bordeaux— 66-100 None None 
Aresket 8 oz. 
Bordeaux— 6-6-100 None None 
Grasselli Spreader 1 pint 
Bordeaux— 10-10-100 None None 
Bordeaux— 10-10-100 None None 
Light-medium oil emulsion 3 gals. 
Bordeaux— 10—10-100 None None 
Aresket 
Bordeaux— 10—-10—100 None None 
Grasselli Spreader 
in relation to different crops, and other month survey for the following insects: 
pertinent information was gathered. lygus bugs (all species); Diabrotica 11- 
In this paper it was deemed best to punctata; leafhoppers (all species); and 
present only population trends for each woolly bear caterpillars. These insects 
of the three nurseries during the two- were the commonest species occurring in 
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the nurseries and indicate very well the 
population trends of insects in the nursery 
plantings. This information is portrayed 
in figure 3. 

Lygus bugs were found to be the most 
abundant insects in all three of the nur- 
series under consideration. Of these, 
Lygus hesperus Knight was by far the 
commonest species. The peak of the popu- 


LANGE: Insects AFFECTING GUAYULE 


399 


Santa Rita Nursery was similar, but in 
Quail Creek the population remained in- 
significant during the period of the survey. 
Woolly-bear caterpillars showed no peak 
and remained at a low population level 
throughout the period of the survey. 

In general, leafhoppers preferred the 
more succulent growth of the young plants 
and became less abundant as the plants 
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Fic. 3.—Weekly population trends of certain insects in three nurseries at Salinas. Counts include the 
total number of insects swept from 12 sections at Santa Rita and Alisal, and 6 sections at Quail Creck. 


lation varied somewhat in the three nurs- 
eries, but toward the end of September, 
the number of bugs had fallen off abruptly 
due primarily to the passing of the flower- 
ing period and the drier condition of the 
plants. Leafhoppers were most common in 
the Alisal Nursery with a peak of popula- 
tion in late August. The condition in the 


were allowed to suffer from lack of mois- 
ture. There was not much correlation 
between the numbers of insects in guayule 
planting and the proximity of other crops, 
although an irrigated pasture in the en- 
virons of the Alisal Nursery was consid- 
ered a source of lygus bugs.—1-18-44. 
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Dr. Horace S. TeL_rorp 

Dr. Horace S. Telford, a graduate of the Uni- 
versity of Utah and of the University of Minnesota, 
has resigned his position as Associate Entomologist 
at the North Dakota Agricultural Experiment Sta- 
tion and has accepted a position in the research 
department of the firm Drs. Hess & Clark, Inc., of 
Ashland, Ohio. Dr. Telford will conduct research 
work in the field of Veterinary Entomology in line 
with the production of livestock and poultry insec- 
ticides which forms part of the activity of the firm. 


Dr. HANSBERRY NOW WITH 
SHevy Orn Co. * 


Roy Hansberry, formerly associate professor of 
insect toxicology, at Cornell University, has re- 
signed and is now employed by the Technical 
Products Department of the Shell Oil Company, 
Inc., 100 Bush Street, San Francisco, to conduct re- 
search on agricultural chemicals. Dr. Hansberry will 
be located in San Francisco for several months until 
the company’s new experimental laboratory and 
farm are completed. 








Sabadilla, Schoenocaulon Spp., with Reference to its 
Toxicity to Houseflies' 
T. C. Atuen, R. J. Dicxe, and H. H. Harris, University of Wisconsin, Madison 


Insecticides derived from plant origin 
have become of increasing value in the 
control of many important insect pests. 
The source of such materials as pyrethrum 
and rotenone-bearing plants has been 
largely dependent upon imported supplies. 
During war time this situation has criti- 
cally curtailed the availability of insect 
toxicants but has stimulated search for 
other insecticides and a renewed effort to 
improve them. 

The following study is a result of a sur- 
vey of plant materials for their possible 
toxic potentialities to insects. Among the 
more promising substances tested were 
seeds of the species of Schoenocaulon re- 
ferred to in tropical zones as sabadilla. 
Although the biological activity of this 
plant has been known for a long period of 
time, no detailed study appears to have 
been made relative to its insecticidal 
potentialities. The purpose of this paper is 
to present a study of sabadilla with evi- 
dence of its toxicity as a contact poison 
to houseflies. 

Description.—Sabadilla was first de- 
scribed as Indian Causticke Barley 
(Fluckiger & Hanburg 1879) in 1640. 
The plant is a member of the Family Lili- 
aceae, tribe Veratreae, and the species 
belong to the genus Schoenocaulon. 
Brinker (1942) monographed the genus 
in which he listed 20 species. Three of 
these, S. Drummondii Gray, S. dubium 
Michx., and S. teranum Schelle occur in 
the United States. They are known as 
green lily and feather-shank. 

Nineteen species have been described 
from Mexico while one species, Schoeno- 
caulon officinale Schlecht & Champ., has 
been described from Costa Rica, El] Salva- 
dor, Guatemala, Honduras, Peru and 
Venezuela. A mature specimen of this 
species collected in the vicinity of Caracas, 
Venezuela, is shown in Fig. 1, B. The seed 
(Fig. 1, D and E) is produced on erect 
stems which terminate in a mass of small 
flowers (Fig. 1, C). They are from 5 to 12 
mm. long and 1.5 to 3 mm. wide, blackish 
brown in color, shiny and longitudinally 

! Approved by the Director of the Wisconsin Agr. Exp. Sta- 


tion. A study supported in part by the Wisconsin Alumni Re- 
search Foundation. 


wrinkled. In general, all species of Schoen- 
ocaulon are referred to as sabadilla. This 
term is derived from the Spanish cebadil- 
ja referring to barley, probably due to the 
similarity in formation of seed which re- 
sembles this grain (Tschirch 1923). 

Many common names have been used 
in the designation of sabadilla in various 
countries. The plant has been referred to 
in English as sabadilla, sebadilla, ceva- 
dilla, and Indian caustic barley; in French 
as Cebadille, cevadille, sebadille, petite 
orge and sevadille; in German as Ce- 
brauchliche sabadilla, g. sabadille, and 
lausekraut; in Dutch as Cebadilla and 
severzaadkruid and as Cebadilla, ceba- 
dilla Mexicana, barley of Mexico, cebol- 
leja, coballeta, cintul, cebadilla de Tierra 
Caliente, quimiohipatli; Itzcuimpatli, 
Cunicho and etzemo by the Spanish and 
Mexicans. 

SABADILLA AS AN INsectTicipE.—Fre- 
quent reference is made in literature to 
sabadilla as a control measure for vermin. 
It has been reported (Griffith 1847) that 
Monardes in 1572 observed that Indians 
of New Spain employed sabadilla as a 
caustic and corrosive application for the 
destruction of vermin breeding in wounds 
and sores. The Spaniards probably used 
it at about this time as a louse powder 
(Zornig 1909). Further references pertain- 
ing to early use of sabadilla are recorded 
in American Medical Lexicon, 1811. 

The seed of sabadilla and sometimes 
the bulb (Maisch 1885) have been re- 
corded as a measure for controlling vermin 
infesting man. This application of its use 
occurs in a number of publications such as 
materia medicas, dispensatories, treatises 
on medical botany, and encyclopedias. 
Ointments prepared from the seed have 
been commonly recommended and a com- 
position known as French Powdre de 
Capucins has been frequently cited in 
literature (Grande Encyclopedis 1891). 
It contained a mixture of stavesacre, 
Dephinium stophisagria, tobacco, saba- 
dilla and parsley seed. A popular oint- 
ment also consisted of powdered saba- 
dilla, mustard pellitory, Parietaria spp., 


and lard. 
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Sabadilla appears to have been a stand- 
ard remedy for the destruction of pedicule 
in Central and South America. Mixtures 
of it with dilute acetic acid and alcohol 
(acetum sabadillae) were used in Germany 
(Jaretzky & Janocke 1940) and a lotion 
consisting of larkspur and sabadilla alka- 
loids and mercuric chloride is available in 
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tle and horses, particularly in Venezuela 
(Zornig 1909). A mixture of equal parts 
of sabadilla and flowers of sulfur is quite 
commonly used in this country for cattle 
lice control and more recently (Matthysse 
& Schwardt 1943) found sabadilla-sulfur 
powder to be very effective for this pur- 
pose. 


Fic. 1.—A, seedlings of sabadilla. B, mature plant Schoenocaulon officinale, Schlect. and 
Champ. from the vicinity of Caracas, Venezuela. This plant is a perennial from which 
biologically active seed, E, is obtained from bloom, C, on long erect stem, D. 


this country for the control of human lice. 
It has also been used as a remedy for 
human scabies. 

For the control of pests of livestock, 
sprays of sabadilla seed and alcohol and 
the powdered seed have been used in 
Cuba and Mexico for cattle ticks. The 
powdered seed has been also prescribed 
by stock men for the control of lice on cat- 


Sabadilla has been referred to as an ef- 
ficient insecticide for other pests. In 
Mexico (Herrera 1900) sabadilla seed has 
been used for killing soil-inhabiting 
worms, plant lice and chewing insects. It 
was also applied effectively against aphis 
or green bugs and Longicorn coleopterous 
larvae. 

Experiments by Scott ef al. 1918, 
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showed that sabadilla seed when used as a 
dust was 95 to 100 per cent effective after 
24 hours to the bedbug, Cimer lectularis 
and to roaches confined in cages previously 
dusted with powdered sabadilla. McClin- 
tock et al. 1911 tested sabadilla as a 
fumigant and found that the vapors from 
heated seed were almost as effective as 
sulphur dioxide against bedbugs, cock- 
roaches and mosquitoes. Abbott (1920) 
found that the powdered seed was effec- 
tive in controlling chicken lice but be- 
cause of its expense and unavailability in 
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Fic. 2.—Percent knockdown to houseflies of saba- 
dilla and pyrethrum by the Peet-Grady method. 


large quantities he did not recommend it. 
According to Bussy (1922) caterpillars fed 
flour containing the alkaloid of sabadilla, 
veratrine, all died. 

Tests have been made with various sa- 
badilla preparations against a number of 
insects (McIndoo & Sievers 1924). Used 
as a dust, these workers found that saba- 
dilla was effective against silkworms, and 
the powder with the oils extracted was 
efficient against grasshoppers, roaches, 
bees, silkworms and webworms. Neither a 
dust or spray had any effect on Aphis 
rumicis, A. brassicae or Macrosiphonella 
sanborni. Favorable results were also ob- 
tained with soda ash and water extracts 
against grasshoppers, and other insects. 
Moore and Campbell (1924) tested the re- 
pellency of veratrine to the Japanese bee- 
tle and found a water solution was inef- 
fective. According to Harris (1931) a 
mixture of veratrine and cocoanut oil 
applied to cattle effectively repelled the 
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tsetse fly, and McAllister & Van Leeuwen 
(1930) while experimenting with arsenical 
substitutes found that a veratrine dust 
prevented codling moth stings on apples. 
Metzger & Grant (1932), however, con- 
cluded that an acetic acid extract of the 
alkaloid possessed no repellency to the 
Japanese beetle. 

At a more recent date, Schotte & Gorn- 
itz (1935a-1935b) obtained patent claims 
in Canada and in the United States on 
an insecticidal preparation consisting of 
rotenone as radix derrides ellepticae and 
veratrine as semen sabadillae. A syner- 
gistic action was claimed for these mate- 
rials when used as a dust against cater- 
pillars of Tephrocyletra absinthieta. This 
dust was also useful for the control of 
grasshoppers, flea beetles and bugs. A 
German patent was obtained by these 
authors (1939) indicating that sabadilla- 
derris mixtures were useful in combatting 
cabbage worms and tent caterpillars. 

Studies upon the insecticidal possibili- 
ties of sabadilla were initiated at Wiscon- 
sin in 1938. Allen et al. (1943b) reported the 
effectiveness of kerosene extracts of saba- 
dilla against houseflies. 

Active ConstituEents.—The insecti- 
cidal efficiency of sabadilla seed is prob- 
ably associated with a complex group of 
alkaloids commonly referred to as vera- 
trine. Merck Index (1940) describes vera- 
trine as melting at 140—-155° C., and with 
the following degree of solubility: 1 gram 
in about 1800 cc. of water, 1000 cc. of 
boiling water, 2.8 cc. of alcohol, 0.7 cc. 
of chloroform, 4.2 ec. of ether and 80 cc. 
of olive oil; freely soluble in dilute acids, 
benzene, amy! alcohol, slightly soluble in 
glycerin, and insoluble in petroleum ben- 
zin. Veratrin is a mixture composed of 
several alkaloids known as cevadine, verat- 
ridine, sabadilline, sabadine and cevine. 
They are described more in detail by 
Henry (1939). Tschirch (1923) reported 
that the alkaloids are found principally 
in the endosperm and embryo of the seed 
and were also contained in the seed coat. 

MATERIALS AND Metuops.—A number 
of sabadilla seed samples were accumu- 
lated from various sources for study. 
Twenty-five samples representing 20 sam- 
ples of unknown identity and five samples 
of known identity which were collected in 
the field were employed. Samples of pow- 
dered and unpowdered seed of unidenti- 
fied species were secured from Venezuela, 
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Mexico and from various importers and 
drug houses. Identified whole seed was ob- 
tained from Texas and Venezuela. 

The entire plants of three determined 
species of sabadilla were also obtained 
during the course of the study. Plant 
specimens of Schoenocaulon officinale were 
received from the vicinity of Caracas, 
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Mill equipped with a 2 mm. mesh screen. 
It was then extracted with a petroleum 
kerosene base oil. 

A standardized extraction procedure 
was used throughout the study. Highly 
refined kerosene of the type employed in 
commercial household fly sprays* was used 
as the extraction medium. Extraction con- 
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Fic. 3.—Relative toxicity to houseflies expressed in O.T.I. rating of freshly powdered seed samples extracted 
with kerosene at 25° C. and at 150° C. Symbols represent samples from different sources. 


Venezuela,! Schoenocaulon Drummondii 
was received from the vicinity of San An- 
tonio, Texas, and Schoenocaulon teranum 
was received from Southeastern Texas.’ 
In preparing the seed of sabadilla for 
insecticidal evaluation, it was necessary 
to free commercial samples of extraneous 
matter. This was accomplished by means 
of a fanning mill. Some batches of seed 
contained 7 per cent foreign matter which 
consisted of clay granules and small 
stones. The seed was ground in a Wiley 
1 Courtesy < >. ‘ Williams, Chicago Field Museum. 


2 Courtesy of Parks, Texas Agricultural Experiment 
Station. 


sisted of adding a known quantity of kero- 
sene to the ground sample which was then 
mechanically stirred at a fixed tempera- 
ture. A series of extractions made at dif- 
ferent intervals showed that an extraction 
period of one hour was sufficient ta obtain 
maximum potency of the samples. 
Following the extraction period the ex- 
tracts were placed in the absence of light 
at room temperature for a period of 12 
hours. Hot extracts were covered during 
this period to prevent loss of solvent by 


* Sinclair Insecticide Base Oil. Saybolt Viscosity 30/35 sec- 
onds - 100° F. and treated with 100 Ibs. fuming sulfuric acid per 





404 


evaporation. Extracts were then filtered 
through a suction funnel containing a 
number one Whitman filter paper. All ex- 
tracts were stored in sealed brown glass 
bottles at room temperature. 

The house fly, Musca domestica, L., was 
used to evaluate the relative toxicity of 
the various samples. This insect was read- 
ily cultured in the laboratory on Richard- 
son’s synthetic media (1932). Five-day- 
old flies were subjected to a settling mist 


Table 1.—Relative toxicity of kerosene ex- 
tracts of sabadilla seed to houseflies. 











Pounps Ava. Ava. Ave. Per Cent 
orSeep No. Per O.T.L. KNockpDOWN 
Per or Centr Evatv- - 

Sampce Gatton' Tests Ku ation Smin. 10 min. 
r 1 20 82.4 +31 100 100 
2 2 20 95.1 ++ 99 100 
3 4 20 1.3 —49 40 44 
4 4 20 4.1 —47 64 8e 
5 + 20 3.1 —48 37 59 
6 4 18 3.6 —46 28 87 
7 4 20 11.9 —40 75 90 
8? 2 12 70.0 +24 95 98 
» 1 20 81.7 +34 99 100 

10 1 20 84.0 +46 100 100 
ir 1 12 1.7 —49 2 4 
12? 1 20 87.6 +36 100 100 
13? 1 20 96.9 +45 99 100 
4 4 20 3.2 —47 6 ” 
15 4 20 4.1 —45 70 87 
16 4 20 2.9 49 9 18 
17 4 20 3.6 —48 54 72 
18 + 20 2.7 —438 37 45 
19 4 20 3.2 —47 25 25 
20 4 20 5.0 —47 50 59 
21 4 20 1.8 — 48 5 4 
22 4 20 26.4 —?21 90 99 
23 4 6 17.7 —29 72 91 
2 1 20 90.8 +40 100 100 





1 Extractions made at 25°C. | 
* Seed samples purchased previously ground. Other samples 
purchased as whole seed and ground prior to extraction. 


spray of the insecticide within a testing 
apparatus quite similar to that developed 
by Campbell & Sullivan (1938). Tests were 
conducted in series of 16 cages which were 
composed of flies of one culture. Details 
of this procedure have been described 
(Allen et al. 1943-a). 

In recording relative toxicity, samples 
were tested in comparison with a standard 
insecticide known as the “Official Test 
Insecticide” (O.T.L.).! The toxicity of the 
unknowns were then evaluated as plus or 
as minus according to their deviation in 
kill from that of the O.T.I. Calculations 
of the O.T.I. kill were adjusted to an 
equivalent of 50 per cent as devised by 
Ford (1937). To check the validity of the 
above testing procedure, comparative 

1 Standardized pyrethrum content in oil as required by the 


National Association of Insecticides and Disinfectant Manufac- 
turers. 
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tests were also made by the Peet-Grady 
method.? 

Resutts.—A total of 25 samples of 
sabadilla, as previously mentioned, was 
obtained for extraction with kerosene oil. 
Twelve of these samples were powdered 
while thirteen samples were whole seed. 
Five samples of whole seed were identified 
species. The whole seed was powdered and 
each of the segregates were extracted with 
kerosene at the rate of one pound per gal- 
lon at room temperature (25° C.) to deter- 
mine their effectiveness to houseflies. 

Results of these tests (Table 1) soon re- 
vealed that only those samples of seed 
which were obtained in a powdered condi- 
tion possessed toxicity. The lots of whole 
seed which had been freshly ground pre- 
vious to extraction did not appear to 
contain toxic constituents when extracted 
at the rate of 4 pounds per gallon of kero- 
sene. On the other hand, samples that had 
been purchased in the powdered state 
gave an approximate kill of +39 when ex- 
tracted at the rate of only one pound per 
gallon of kerosene. These results indicated 
that sabadilla was extremely inconsistent 
in biological activity. Further investiga- 
tions were undertaken to determine means 
for increasing the effectiveness of the non- 
toxic samples of seed. 

During the earlier stages of this study 
it had been noted that when the tempera- 
ture was increased during extraction a 
more toxic extract was obtained. This in- 
crease in toxicity appeared favorable in 
kill and in knockdown (Fig. 2), to pyreth- 
rum. Consequently, a series of extracts 
were prepared to determine the effect of 
temperature upon the toxicity of the ex- 
tractives to houseflies. 

Five samples of seed were selected for 
testing. Two of the samples chosen repre- 
sented material of toxicity while three 
were relatively non-toxic. 

The extractives were made at seven 
different temperature levels. Results of 
these tests showed that the application of 
heat during extraction increased the toxic- 
ity of freshly powdered seed to a remark- 
able degree. The toxicity rapidly increased 
at the 100° C. and 125° C. levels. At the 
150° C. level, the maximum toxicity was 
reached. 

It was concluded from the tests that 


* Courtesy of John Powell and Company, Inc. and the Sin- 
clair Refining Company. 








7 /_ = oe 








June 1944 


the optimum temperature for extraction 
with kerosene was approximately 150° C. 

The above heat treatment was applied 
to all the various samples of sabadilla ob- 
tained for testing purposes. This treat- 
ment was also applied to samples of the 
roots, fibrous covering of bulbs, bulbs 
free of fibers, leaves, scape, and spike of 
both Schoenocaulon officinale and S. 
Drummondii. Only the spikes, however, 
containing immature capsules of seed were 
found to possess toxicity. 

The effect of heat during extraction on 
the toxicity of the powdered seed is shown 
in Fig. 2. The average O.T.I. kill for these 
samples following extractions at room 
temperature with four pounds of seed per 
gallon of kerosene was —44. The same 
samples extracted at 150° C. with one 
pound of seed per gallon of kerosene 
caused an increased toxicity to approxi- 
mately +41. 

It is significant to note that the Texas 
species, Schoenocaulon Drummondii, Sam- 
ple T. 1, also responded to the heat treat- 
ment. MicIndoo & Siever (33) obtained 
favorable results with both hot and cold 
water extracts of sabadilla seed to grass- 
hoppers, bees, and the small webworm. 

Application of the heat treatment was 
also made directly to powdered seed which 
was then extracted with kerosene at 25° 
C. Freshly powdered seed samples were 
heated to different temperature levels and 
following extraction were tested to house- 
flies. Results of the tests showed that pow- 
dered sabadilla preheated at 150° C. for 


Table 2.—The effect of aging on powdered 
sabadilla seed as expressed in O.T.I. kill of 
kerosene extracts to houseflies. 








co 


/0 
Montus Averace Averace Knocx- 0.T.I2 
% pown Eva.va- 





or 70 70 
SampLe AGING Ku 8 Mr. 10 Min. TION 
i 3.3 10 12 —45 
A&W 1 5 17.0 o4 96 —32 
ll 51.0 97 100 + 7 
203 56.0 97 99 +19 
i 2.4 0 0 —48 
M1S 13 46.6 97 100 —16 
21 63.3 99 100 — 3 
29 72.7 99 co) +11 
i 1.0 1 2 —49 
Pr2 4 63.9 98 100 +19 
12} 61.5 98 100 +23 
i 9.0 85 4 —42 
P&V 2 6 75.8 100 100 +14 
16 91.8 100 100 +33 
21 88.3 99 100 +26 





1 Average of 10 tests. 
2? Seed extracted at the rate of 1 lb. per gallon. 
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Table 3.—Stability of kerosene extracts of 
sabadilla stored in brown glass bottles. 








Leneta  0O.T.I. Evauvation! 











oF StTor- - 
AGE IN Before Following 

SAMPLE Montus _ storage storage 

M2P 
conc, 1 Ib./gal. 22} +41 +45 
extracted 25° C. 

M2pP 
conc. $ lb./gal. 22} + 3.5 +4 
extracted 150° C. 

M2P 
cone, 1 Ib./gal. 12 +48 +44 
extracted 150° C. 

Hil 
cone. 1 Ib./gal. 13} +41 +39 
extracted 150° C. 

P&V 2 
cone. 1 Ib./gal. 12} +46 +48 
extracted 150° C. 

A&W 1 
cone. 1 lb./gal. 124 +41 +34 


extracted 150° C. 





1 Average of 10 tests. 


one hour prior to cool extractions gave a 
toxic value of +40. This procedure ap- 
parently compares quite favorably with 
hot oil extractions at parallel temperature. 

Other methods were employed in an 
attempt to increase the toxicity of the 
powdered seed. Solvents, acids and alka- 
lies were used to treat the powdered seed 
previous to kerosene extraction. Of the 
various materials tested, soda ash ap- 
peared very satisfactory in making avail- 
able in kerosene the toxic constituents 
which are present in the freshly powdered 
seed. In using soda ash treated seed, it was 
possible to obtain the maximum kill at a 
much lower extraction temperature. From 
these tests it would appear that the soda 
ash treatment followed by extractions at 
low temperature levels, approximately 
60° C., would be as effective as extrac- 
tions of untreated seed at 150° C. 

The fact that freshly powderel saba- 
dilla seed exhibits relatively little bio- 
logical activity to houseflies while the aged 
powder contains varying degrees of toxic- 
ity, lead to an investigation of the effect 
of aging on toxicity of seed samples. A 
group of different powdered seed samples 
of known age were placed in storage at 
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room temperature in the absence of light. 
The results of these tests expressed in 
Q.T.1. values are summarized in table 2. 
All samples increased in toxicity as the 
period of storage progressed. Apparently 
the toxic constituent of the powdered seed 
on aging is made more available in kero- 
sene during extraction. The aged material, 
however, is unstable and considerable 
variation existed in toxicity to houseflies. 
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of light to which the samples were exposed 
was 50-foot candles. The samples were 
exposed to the light for a period of 2 
months. At intervals of 2 weeks, 1 month, 
and 2 months, a portion of the extract was 
removed for evaluation to houseflies. 
Checks were maintained by storing an 
aliquot of each sample in a brown glass 
bottle. These samples were then tested at 
the close of the experiment. 


Table 4.—Effect of light on the deterioration of kerosene extracts of sabadilla. 








O.T.L. EvaLvuation 














Con- Exposure to light 
CENTRATION Initial — ——— — $$ —_— — CHECK 
TREATMENT LBS./GAL. test 2 weeks 1 month 2 months 2 Montus 

Extraction 2 +31 +19 — +40 —49 +36 

at 150° C. ] +19! +9 —34 —49 +26 

} -9 — 23 —36 —47 —17 

Treated with soda 2 +42! +41 +33 —34 +46 

ash solution- 1 +38! +24 +9 —33 +37 

extraction at } —18! —29 —31 —49 —12 
80° C. 





1 Average of 8 tests; others average of 6 tests. 


The whole seed of sabadilla is apparently 
quite stable under storage. It is evident 
from these tests that cool extractions of 
all freshly powdered seed are non-toxic 
regardless of age. 

The stability of kerosene extracts of 
sabadilla seed during storage in the ab- 
sence of light was investigated. Extracts 
made during the course of the study were 
stored in tightly capped brown glass bot- 
tles. These samples were kept in storage 
from 12 to 224 months at room tempera- 
ture. At the termination of the storage 
period, all samples showed a cloudy precip- 
itate which was filtered off before testing. 
The results obtained (Table 3) showed 
that no appreciable change in toxicity oc- 
curred in these samples. Apparently much 
of the precipitation that occurred during 
storage consisted of extraneous material 
unassociated with the toxic constituents 
which were soluble in kerosene. It may be 
concluded that kerosene extracts of saba- 
dilla stored in brown glass containers are 
quite stable over a period of one to two 
years. To determine possible effects of 
light on the deterioration of kerosene ex- 
tracts of sabadilla, extractions of heat and 
soda ash treated powdered seed were ex- 
posed to a fluorescent lamp. The intensity 


All samples of kerosene extracts dete- 
riorated rapidly when exposed to the light 
(Table 4). Reduction in toxicity appeared 
during the first two weeks of exposures. 
After 2 months all samples had lost prac- 
tically their entire toxicity to houseflies. 
The check samples which were stored in 
brown glass bottles did not change mate- 
rially in toxicity during the expiration of 
the tests. 

SumMArRyY.—1l. Schoenocaulon species 
are widely distributed plants which have 
been known for some time to possess cer- 
tain insecticidal properties. 

2. It was found that kerosene extracts 
of sabadilla seed were highly toxic to 
houseflies. The insect kill and knockdown 
compared quite favorably with other 
kerosene types of sprays. such as pyreth- 
rum. 

3. Considerable variation existed in the 
toxicity of kerosene extracts of different 
sabadilla samples to flies. Of twenty-five 
samples accumulated for study, approxi- 
mately 30 per cent were found toxic. The 
toxic samples were those obtained in a 
powdered condition. 

4. At room temperature no samples of 
freshly powdered sabadilla seed were ef- 
fective. By raising the temperature of the 
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extractive, however, all inactive samples 
became potentially toxic. Temperature 
levels above 75° C. caused the initial in- 
crease in toxicity, the optimum tempera- 
ture being 150° C. This temperature ap- 
peared most favorable for making avail- 
able the toxic constituents of sabadilla in 
oil. 

5. The application of heat to the pow- 
dered seed and treatment of the powdered 
seed with soda ash prior to extraction 
also increased the toxicity of inactive 
samples to a considerable degree. The 
combination of both soda ash treatment 
and reduced heat treatment during ex- 
traction was effective. 

6. The toxicity of powdered sabadilla 
seed increased with age during storage 
and kerosene extracts of the seed retained 
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its toxicity in brown glass containers for a 
period of two years. However, extracts 
exposed to light deteriorated rapidly. 

7. Seeds of two sabadilla species, 
Schoenocaulon Drummondit and S. tezx- 
anum indigenous to the United States 
were found to possess properties highly 
toxic to houseflies, comparable to species 
of more tropical zones. No toxicity was 
found in the roots, bulbs, leaves, or stems 
of sabadilla plants. 

8. It is concluded from these studies 
that kerosene extract of sabadilla is most 
promising in destroying houseflies. Under 
some conditions, however, its application 
may become limited if applied in the pres- 
ence of individuals because of the ster- 
nutatory action produced during inhala- 
tion of the suspended toxicant. 
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Diapause in the Parasitic Hymenoptera 


Sranuey E, Fianpers, University of California Citrus Experiment Station, Riverside 


A fundamental characteristic of insect 
life is the capacity for undergoing, more 
or less spontaneously, an arrest of devel- 
opment (auto-dormancy or diapause). 
This phenomenon is of particular interest 
to workers in biological control since it 
affects the utilization of entomophagous 
species. 

If the development of an introduced 
species includes a diapause which is not 
synchronized with that of its host, its 
establishment may be impossible. When 
the ichneumon Porizon sp., during 1943, 
was introduced from Uruguay into Cali- 
fornia by the United States Bureau of En- 
tomology and Plant Quarantine for the 
control of the vegetable weevil, the lack 
of synchronization in development, re- 
sulting from the difference in the seasons 
of the two countries, interfered with the 
establishment of the parasite. The vege- 
table weevil, which has only one annual 
generation, was in condition suitable for 
parasitization only when the parasite was 
in an imaginal diapause. (Harold Com- 
pere, unpublished notes.) 

The synchronization of development 
between such a host and its parasite pos- 
sibly may be brought about either by 
artificially prolonging the diapause in one 
or the other, or by manipulation of the 
environmental conditions that initiate or 
break the diapause. 

Since the diapause may affect the utili- 
zation of hymenopterous parasites, it 
seems advisable to review and to correlate 
the various arrests of development known 
to occur in the parasitic Hymenoptera in 
order that future studies of the phenomen 
may be facilitated. 

Diapause may occur in any stage of in- 
sect development. In any one species, 
however, its occurrence is usually limited 
to a particular stage. Some species may 


appear to lack the capacity for diapause 
because they rarely, if ever, are exposed 
to stimuli that may initiate it. The exist- 
ence of such a species is not likely to be 
endangered by unfavorable environmental 
conditions. 

The mere exposure to an unfavorable 
environment, however, may not furnish 
the stimuli needed to initiate the state of 
diapause required for the existence of the 
species. The stimuli initiating such a di- 
pause may operated long in advance of its 
visible effect (Wigglesworth 1939). The 
occurrence of diapause, nevertheless, ap- 
pears to be phenotypic. Extensive ob- 
servations by Baker and Jones (1934) on 
the occurrence of diapause in the ichneu- 
monid Ezeristes roborator failed to produce 
any evidence that it was genotypic. In 
many multibrooded species each brood is 
made up of long-cycle and short-cycle in- 
dividuals. Schmieder (1933) and Flanders 
(1935) have shown that among the progeny 
of a single female there may be some indi- 
viduals that undergo diapause and others 
that do not. 

Diapause in the parasitic Hymenoptera 
is adaptive in that it delays development 
until the host attains a certain stage at 
which it is presumably most suitable for 
the nutritional requirements of the para- 
site (Clausen 1940). 

Apparently the occurrence of diapause in 
any individual is determined by the envi- 
ronmental conditions (either internal or ex- 
ternal to its mother) to which that individual 
is exposed. 

It has been known for over a century 
that insects may undergo diapause when 
the temperature and the food are favor- 
able for continuous development (Payne 
1926). Nevertheless diapause basically ap- 
pears to be a state of inanition; that is, it 
is a condition during which the utilization 
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of tissue-forming material is either largely 
or entirely inhibited. Such material is 
lacking or water either is lacking or is not 
usable for tissue forming. 

DIAPAUSE AS AN [IMMEDIATE RESPONSE. 
—The gravid female of the encyrtid 
Metaphycus helvolus is forced into an 
imaginal diapause if it is isolated from its 
host for two or three weeks. Odgenesis 
ceases and the undeposited eggs are ab- 
sorbed. The cessation of diapause is 
brought about only by the feeding of the 
female on the body fluids of the host 
(Flanders 1942b). 

Many endoparasitic species which ovi- 
posit when their hosts are in early devel- 
opmental stages remain as first instar 
larvae until the metamorphosis of the 
host begins. In the case of the encyrtid 
Diversinervus smjthi Comp., the cessation 
of the first instar diapause occurs only 
when the ovaries of the host are distended 
with ripe eggs (Flanders 1939). The male 
of Coccophagus gurneyi Comp. remains as 
a first instar larva within its egg shell as 
long as it is bathed in the body fluids of 
its host. The development of the female C. 
gurney? is continuous. If both sexes hap- 
pen to inhabit the same host individual, 
the male resumes development after the 
female has consumed the body fluids of 
the host. The female then in turn is con- 
sumed by the male (Flanders 1937). 

The undeposited eggs of many species 
of parasitic Hymenoptera are in a state 
of diapause as long as they are stored in 
the oviducts or modified portions of the 
ovary, since further development is de- 
pendent on immersion in the nutrient 
body fluids of the host (Flanders 1942a). 

The length of the period during which 
the encyrtid Quaylea whittieri (Gir.) re- 
mains as a second instar larva is influenced 
by the developmental condition of its host 
Metaphycus lounsburyi (How.); the 
younger the host the longer this period. 
The /ast larval stage of Q. whittiert, when 
inhabiting Scutellista cyanea, is several 
times longer than when inhabiting M. 
lounsburyi (Flanders 1943). 

In some endoparasitic species, as in 
Trichogramma cacaeciae Marchal, dia- 
pause is induced only by hosts that are 
themselves in a condition of diapause 
(Marchal 1936). In considering the dia- 
pause in the chalcid Brachymeria comp- 
silurae, it is stated by Dowden (1935) that 
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if the adult parasitizes a single-generation 
tachinid such as Sturmia scutellata, the re- 
sulting progeny remain as full-grown lar- 
vae until the following year; but if a mul- 
tibrooded tachinid such as Compsilura 
concinnata is attacked, several generations 
of the chalcid may occur. . 
Giard (1896) observed that the ex- 
posure of the larvae of Tetrastichus epi- 
lachnae to desiccating conditions brought 
about an “anhydrobiose” or diapause 
state which retarded development about 
a year. The larvae were reactivated only 
when slightly moistened. According to 
J. K. Holloway (unpublished note) dia- 
pause of Tiphia popilliavora larvae may 
be prolonged for months by constant ex- 
posure to dry conditions. Several species 
of gypsy moth parasites were observed by 
Harry S. Smith (unpublished notes) to 
undergo larval diapause following expo- 
sure to desiccating conditions. The full-fed 
larvae of Aphelinus mali may be forced 
into a diapause by exposure to high tem- 
peratures and low humidity (Flanders 
(1940). During the mass propagation of 
Lecaniobius utilis Comp., at a constant 
temperature of about 80° F., at the Uni- 
versity of California Citrus Station, it was 
noted that during the winter many of the 
full-fed larvae entered a diapause lasting 
several months. This was correlated with 
a relatively low humidity. A similar situ- 
ation apparently existed in the case of 
Eupelminus saltator observed by Phillips 
& Poos (1927) when the larvae entered a 
diapause although all conditions seemed 
favorable for continuous development. 
Desiccating conditions may affect para- 
sites that are immersed in the body fluids 
of their hosts. Observations by Rice (1937) 
on the internal parasites of the ragweed 
borer, Epiblema strenuana, indicate that 
the development of its parasite does not 
proceed beyond the larval stage if ade- 
quate moisture is not available to the 
host. A preliminary test by the writer in- 
dicates that the larvae of Nemeritis 
canescens Grav., when inhabiting the im- 
mature larvae of Plodia interpunctella, 
(Hbn) remain as first stage larvae if the 
parasitized host is held at a temperature 
of 85° F. and a low humidity (about 20 
per cent relative humidity), but continue 
development if the host is held at a tem- 
perature of 80° F. and a high humidity 
(about 80 per cent relative humidity). At 
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the low humidity Nemeritus canescens 
completes its development after the host 
pupates. 

Diapause As A DeLayvep Response.— 
Diapause may be a delayed effect result- 
ing from certain nutritional conditions ob- 
taining during the growth period. Schmie- 
der (1933) has shown this to be the case in 
Melittobia chalybii. He also suggests 
(Schmieder 1939) that diapause may be 
determined as early as the ovarian egg. 
The fact that in the case of Sphecophaga 
burra, rapid egg production apparently 
tends to yield non-diapause individuals 
and slow egg production diapause indi- 
viduals indicates that partial odsorption, 
which is likely to occur under conditions 
of slow egg deposition, may be responsible 
for bringing about the diapause during the 
larval stage. 

Apanteles glomeratus, when parasitizing 
Aporia crataegi, hibernates as an imma- 
ture larva in its host, yet when parasitiz- 
ing Pieris brassicae it hibernates as a pre- 
pupa outside its host (Faure 1926). 

In this connection it should be noted 
that studies by Haydak (1943) and others 
indicate that the worker honeybee is in 
an imaginal diapause because of a larval 
diet which is inadequate for the develop- 
ment of the ovaries. 

When multibrooded, the number of lar- 
vae of each generation of Brachymeria 
compsilurae which undergo diapause is 
variable. In one year the number of larvae 
undergoing diapause seemed to increase as 
the season advanced; and the next year 
there seemed to be no definite tendency 
toward diapause. This was the case 
whether the initial generation adults is- 
sued from Sturmia or from Compsilura 
(Dowden 1935). 

As noted above, the partially devel- 
oped eggs of many species of parasitic 
Hymenoptera may be stored in the 
mother. 

Since this habit appears to be charac- 
teristic of many if not most of the species 
of Platygasteridae, it may be significant 
that the majority of such species that have 
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been studied have only a single generation 
a year, passing a considerable portion of 
the year in a more or less active condition. 
This in spite of the fact that the host may 
have several generations during that per- 
iod. The diapause which occurs either in 
the embryonic, larval or imaginal stages, 
depending on the species (Clausen 1940) 
may be a response to the diapause condi- 
tion of the partially developed egg. 

Tyres or Diapause.—Two types of 
diapause may be recognized: type (1) in 
which tissue-forming material is utilized 
slowly (the maximum rate being at low 
temperatures), and type (2) in which the 
utilization of tissue-forming material is 
inhibited. Exeristes roborator is an example 
of type 1, since it best survives its larval 
diapause by being kept in an environ- 
ment conducive to slow development 
(Baker and Jones 1934). It is probable 
that the embryonic diapause of the eu- 
charid Schizaspidia tenuicornis, which ex- 
tends over a period of 11 months, is of 
this type (Clausen 1940). 

The chaleid Peridesmia phytonomi is an 
example of type 2, since it will cease feed- 
ing on tissue-forming material and then 
undergo an imaginal diapause (phasic cas- 
tration) merely if sensory conditions do 
not favor oviposition (Flanders 1934). 

Cessation OF Diapause.—In insect 
species generally the diapause period may 
be shortened somewhat by contact with 
water or by shock such as results from 
pricking and singeing, electrical or chemi- 
cal stimulation, parasitization or ex- 
posures to low temperatures (Wiggles- 
worth 1939). The presence of a diapause 
larva of Apanteles solitarius in a diapause 
larva of the satin moth brings that host 
larva out of diapause earlier than in the 
case of unparasitized larvae of the host 
species (Parker 1935). However, the ob- 
servations noted above indicate that in 
individuals in which the utilization of tis- 
sue-forming material is inhibited by lack 
of available water it may be simpler to 
prevent the occurrence of diapause than 
to bring about its cessation. —-17-44. 


LITERATURE CITED 


Baker, W. A., and L. G. Jones. 1934. Studies of Exeristes roborator (Fab.) a parasite of the European 
corn borer in the Lake Erie area. U.S.D.A. Tech. Bul. 460. 

Dowden, Philip B. 1935. Brachymeria intermedia (Nees) a primary parasite, and B. compsilurae 
(Crwfd.) a secondary parasite of the gypsy moth. Jour. Agr. Res. 50: 495—522. ; : 

Faure, J. C. 1926. Contribution 4 etude d’un complexe biologique: La Piéride du Chou (Pieris brassi- 
cae) et es parasites Hyménoptéres. 











June 1944 Brunson & ALLEN: Mass LiperaTion oF PARASITES 411 


Flanders, S. E. 1935. An apparent correlation between the feeding habits of certain Pteromalids and 
the condition of their ovarian follicles. Ann. Ent. Soc. Amer. 28: 438—44. 

Flanders, Stanley E. 1937. Ovipositional instincts and developmental sex differences in the genus 
Coccophagus. Univ. Cal. Pub. Ent. 6: 401-22. 

Flanders, Stanley E. 1939. A black scale parasite with promising qualities. Jour. Econ. Ent. 32: 152. 

Flanders, Stanley E. 1940. The practical application of biological studies on parasites employed in 
biological control. Proc. 6th Pac. Sci. Cong. (1939) 4: 373-81. 

Flanders, Stanley E. 1942a. Oosorption and ovulation in relation to oviposition in the parasitic 
Hymenoptera. Ann. Ent. Soc. Amer. 35: 251-66. 

Flanders, Stanley E. 1942b. Metaphycus helvolus, an encyrtid parasite of black scale. Jour. Econ. Ent. 
35: 690-8. 

Flanders, Stanley E. 1943. Indirect hyperparasitism and observations on three species of indirect hy- 
perparasites. Jour. Econ. Ent. 36(6): 921-6. 

Giard, A. 1896. Rétard dans |’évolution déterminé par anhydrobiose chez un Hyménoptére chalici- 
dien. C. R. Soc. Biologie. 30: (10 ser.) 837-9. 

Haydak, Mykola H. 1943. Larval food and development of castes in the honey bee. Jour. Econ. Ent. 
36: 778-92. 

Marchal, Paul. 1936. Les Trichogrammes. Ann. Epiphy. et de Phytogénét. 2: 447-550. 

Parker, D. L. 1935. Apanteles solitarious (Ratzeburg). An introduced braconid parasite of the satin 
moth. U.S.D.A. Tech. Bul. 477: 1-17. 

Payne, Nellie M. 1926. Landmarks in the history of the study of insect hibernation. Ent. News 37: 
99-101. 

Phillips, W. J., and F. W. Poos. 1927. Two hymenopterous parasites of American Jointworms. Jour. 
Agr. Res. 34: 473-88. 

Rice, Paul L. 1937. Effect of moisture on emergence of the ragweed borer Epiblema strenuana Walker 
and its parasites. Jour. Econ. Ent. 30: 108-15. 

Schmieder, Rudolf G. 1933. The polymorphic forms of Melittobia chalybii Ashmead and the determin- 
ing factors involved in their production (Hymenoptera: Chalcidoidea, Eulophidae). Biol. Bul. 
65: 338-54. 

Schmieder, Rudolf G. 1939. The significance of the two types of larvae in Sphecophaga burra (Cresson) 
and the factors conditioning them (Hymenoptera: Ichneumonidae). Ent. News 50: 125-31. 

Wigglesworth, V. B. 1939. The principles of insect physiology. E. P. Dutton & Company, New York. 





Mass Liberation of Parasites for Immediate Reduction 
of Oriental Fruit Moth Injury to Ripe Peaches 


M. H. Brunson! and H. W. Aten, U. S. Department of Agriculture, Agricultural 
Research Administration, Bureau of Entomology and Plant Quarantine* 


The oriental fruit moth, Grapholitha mo- of these observations and the absence of 








lesta (Busck), occurs in destructive num- 
bers in practically all the peach-growing 
districts in the eastern half of the United 
States and recently has been found on the 
Pacific coast. Native species of parasites 
help to hold this destructive insect in 
check. It has been shown by Daniel 
(1936), Brunson (1940), and Driggers 
(1941) that the proportion of parasitized 
larvae in twigs may be increased by the 
liberation of large numbers of parasites. 
It has also been shown by Yetter & Allen 
(1940) that orchards having a high degree 
of parasitization of oriental fruit moth 
larvae in twigs usually have a relatively 
low degree of injury to ripe fruit. In view 
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generally accepted insecticidal control 
measures, studies were made in southern 
New Jersey from 1938 to 1942, inclusive, 
to ascertain whether mass liberations of 
parasites in peach orchards would de- 
crease the amount of injury in the fruit 
at harvest time the same year. 

A preliminary report of the mass-libera- 
tion experiments conducted in 1938 has 
been published (Brunson 1940). This re- 
port included the results of 1 year in 
which 1 group of 3 orchards received lib- 
erations, and the results were measured 
by observations in 2 check orchards in 
which no parasites were liberated. The 
present paper includes results from 9 
groups of orchards, in each group of which 
not less than 3 orchards received libera- 
tions and not less than 2 were included as 
checks. Mass liberations were made in a 
total of 31 orchards, 29 orchards were in- 
cluded in the study, and the orchard- 
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season observations totaled 62. Some or- 
chards were observed only once, others 
two or more times. 

EXPERIMENTAL Meruops.—The meth- 
ods employed in these experiments 
throughout the 5 years covered were 
essentially the same as those described by 
Brunson (1940). Liberations of parasites 
were made in certain orchards each year 
at the rate of 1.9 to 4.7 females per tree, 
averaging 3.3. The total number of para- 
sites released has averaged 330 females per 
acre, with a variable number of males but 
always enough of the latter to insure satis- 
factory mating. Macrocentrus ancylivorus 
Roh. was the principal parasite liberated, 
but in 1938 and 1939 the releases of M. 
ancylivorus were supplemented by con- 
siderable numbers of Bassus diversus 
Mues. The M. ancylivorus adults were 
obtained from the strawberry leaf roller, 
Ancylis comptana (Froel.), and the B. di- 
versus were bred on the oriental fruit 
moth. B. diversus is a Japanese species 
which has been extensively colonized in 
the United States but has failed to become 
established. It was used in the earlier ex- 
periments as a substitute for M. ancyli- 
vorus when supplies of the latter were in- 
sufficient, and it appeared to be about 
equally effective in increasing parasitiza- 
tion immediately following release. How- 
ever, as the production of B. diversus is 
considerably more difficult than that of 
M. ancylivorus, its use was discontinued 
after 1939, therefore the results obtained 
in these experiments are due mainly to the 
liberations of M. ancylivorus. 

The principal liberations each year were 
made during the occurrence of the second 
brood of the oriental fruit moth. Some 
parasites were released during occurrence 
of the first brood from 1938 to 1941, in- 
clusive, but, since these liberations ap- 
peared to be less effective than later ones, 
they were discontinued in 1942. The effect 
of these liberations on the fruit moth 
population during the presence of the first 
two broods was estimated by selecting 
sample trees in each orchard, collecting all 
infested twigs and immature drops at fre- 
quent intervals, and recording the data 
on the number of moths and parasites 
reared. In this way comparable estimates 
were obtained on the larval population, 
the extent of parasitization, and the por- 
tion of the fruit moth population that es- 
caped parasitization by the species attack- 
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ing feeding larvae. Finally a count was 
made of the ripe fruits injured. 

During the period covered by these ex- 
periments, mass liberations were made on 
360 acres of peach orchard having about 
36,200 trees. In the check-orchard obser- 
vations 318 acres and 31,400 trees were 
included. The orchards in which parasites 
were released averaged 11.6 acres and 
1168 trees, while the check orchards aver- 
aged 10.1 acres and 1011 trees. The num- 
bers of orchards included in each group are 
given in table 1 and this information is not 
included in subsequent tables, but de- 
partures from the total number are men- 
tioned in the text. 

Resutts.—The theoretical assumption 
upon which these experiments were based 
is that mass liberation of parasites might 
substantially increase the amount of 
parasitization of twig-infesting oriental 
fruit moth larvae during the first two 
broods and thereby reduce the number of 
second-brood moths from which are de- 
rived the larvae that cause much of the 
injury to peaches ripening at the time of 
Elberta harvest. In this study the princi- 
pal test of the theory has been the com- 
parison of rates of ripe-fruit injury in 
orchards receiving mass liberations with 
rates of injury in orchards receiving no 
liberations. Supplemental evidence on the 
effect of such liberations has been ob- 
tained by comparing orchards receiving 
liberations with those not receiving lib- 
erations, for differences in amounts of 
total parasitization, in the proportion of 
parasitization caused by the species re- 
leased, and in the number of insects 
escaping parasitization. Since the effect of 
parasite liberations has not always been 
discernible when single orchards were 
compared, analysis has been based on 
comparisons of group averages, in which 
each group consisted of two or more 
orchards in the same growing district 
which had received mass liberations dur- 
ing the same season, coupled with two or 
more similar orchards not receiving para- 
sites, as checks. 

Errect or Parasite LipeRATIONS ON 
Riee-Fruit Insury.—There are two 
semi-independent measures of ripe-fruit 
injury, namely, percentage of ripe fruits 
injured per tree and number of ripe fruits 
injured. Since the first measure is a rela- 
tive and the second a concrete value, and 
since these values vary with the fruit load 
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Table 1.—Percentage of ripe fruits injured and number of ripe fruits injured per tree by the oriental 
fruit moth in orchards in southern New Jersey in which mass liberations of parasites were made from 
1938 to 1942, inclusive, and ratio of injury in experiment orchards as compared with check orchards. 








Ratio or Insury IN 


Ins URED Fruits rer EXPERIMENT ORCHARDS TO 











Insvrep Fruits 1n— Tree In— THAT IN CHEecK OrcHARDS 
Expert- . 2 . 
MENT Cueck Experiment Check Experiment Check Fruit Fruits Injured 
County Year Orcuarps Orcnarps Orchards Orchards Orchards Orchards Injured per Tree 
Number Number PerCent Per Cent Number Number 
Mercer 1938 3 2 14.1 20.4 22 lll 0.69 0.20 
1939 2 2 21.0 25.3 136 104 .83 1.31 
Burlington 1939 5 4 7.3 25.6 33 147 29 . 22 
1940 4 4 23.2 38.5 176 251 .60 .70 
1941 + t 5.8 9.4 38 66 . 62 . 58 
1942 3 6 4.8 14.7 34 62 . 33 .55 
. {1940 3 3 8.6 15.7 51 173 .55 -29 
Camden and 1941 3 3 4.9 9.0 wn de 54 — 
Gloucester (1942 4 3 4.0 13.4 a7 58 “30 4 
Averages! _— — _ 10.4 19.1 64.6 121.5 0.538+ .06 0.544.138 
1 Unweighted. 


per tree, both measures of injury are in- 
cluded in the summary (Table 1). 

The average percentage of ripe fruit 
injured was less in the orchards that re- 
ceived parasite liberations than in their 
respective check orchards in each of the 
9 groups (Table 1). Furthermore, only 3 
of the $31 orchards that received parasite 
liberations had a greater percentage of in- 
jured fruits per tree than the average for 
the respective check group. It is also 
shown that the average number of fruits 
injured per tree was less in the orchards 
that received parasites than in their check 
orchards in 7 of the 8 groups in which 
comparisons were made. Three of the 28 
orchards that received pasasite liberations 
had a greater number of injured ripe 
fruits per tree than the average number 
for their respective check group; however, 
in only 2 orchards receiving parasites were 
both estimates of fruit injury higher than 
their respective check-group averages. 

The unweighted averages of injury in 
table 1 are not entirely satisfactory as a 
basis for determining the differences in 
rates of fruit injury, because they include 
groups of a wide range of magnitude. 
These differences in magnitude can be 
readily eliminated and the data adjusted 
to a common basis by computing the ratio 
of the injury in each group of experiment 
orchards in respect to its check-orchard 
group. Thus in Mercer County in 1938 
the number of fruits injured per tree in 
the experiment orchards was 0.20 of the 
number injured in the check orchards. In 
this instance the observed reduction in 
fruit injury in the experiment orchards is 
80 per cent. 

The percentage of fruit injured for each 


of the 9 groups was less in the experiment 
orchards than in their respective checks, 
and the average ratio of injury in experi- 
ment orchards to that in check orchards 
was 0.53+.06. This difference is highly 
significant. The number of fruits injured 
per tree was less in the experiment or- 
chards than in their respective checks in 
7 of the 8 groups, and the average ratio 
of injury in experiment orchards to that in 
check orchards was 0.54+.13. This also 
is highly significant. 

The unweighted averages in table 1 
show an estimated fruit injury in the ex- 
periment orchards of 10.4 per cent as com- 
pared with 19.1 per cent in the check or- 
chards, and about 65 injured fruits per 
tree as compared with about 122. Ex- 
pressed as percentage reductions, the per- 
centage of injured fruits was reduced 46 
per cent on the average and the number of 
injured fruits per tree was reduced 47 per 
cent, in the orchards receiving the parasite 
liberations. It was concluded, therefore, 
that during the 5 years of this experiment 
the orchards that received parasite libera- 
tions have had on the average about one- 
half as much oriental fruit moth injury 
in ripe fruits as the orchards that did not 
receive parasite liberations. 

Errect oF Parasite LiBERATIONS ON 
Decree or ParasitizatTion.—In the dis- 
cussion of the parasitization of larvae in 
twigs after mass liberations of parasites 
(Table 2), only data obtained from second- 
brood larvae are included, for the follow- 
ing reasons: (1) The number of parasites 
liberated against first-brood larvae was 
considerably less than the number lib- 
erated against second-brood larvae, and 
in 1942 the liberations were made only 
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against the second brood; (2) the effect of 
parasite liberations on second-brood lar- 
vae has been more apparent and is more 
directly associated with the reduction of 
ripe-fruit injury; and (3) data pertaining 
to first-brood parasitization were obtained 
from only 4 of the 14 orchards under ob- 
servation in 1941, and from none of those 
under observation in 1942. The figures 
include parasitization by all species, Mac- 
rocentrus ancylivorus usually being pre- 
dominant. 


Table 2.—Parasitization of second-brood or- 
iental fruit moth larvae in orchards in southern 
New Jersey in which mass liberations of parasites 
were made from 1938 to 1942, inclusive. 








ExPpeEri- 


MENT CHECK 








County Year Orcuarps OrcHARDS 
Per Cent Per Cent 

Mercer 1938 82.2 68.1 
1939 83.8 63.2 
Burlington 1939 71.1 46.6 
1940 63.3 61.9 
1941 81.5 73.2 
1942 73.6 69.6 
Camden and | bee 68.1 65.2 
“seer ‘1941 83.3 80.4 
1942 76.2 71.2 

Average 
(unweighted) — 75.9 66.6 





In each of the 9 groups of orchards the 
average percentage of second-brood larvae 
parasitized was higher in the orchards 
that received parasite liberations than the 
average for the respective check orchards. 
Furthermore, only 6 of the 31 orchards 
that received parasite liberations had a 
lower percentage of parasitized second- 
brood larvae than the average parasitiza- 
tion for that brood observed in their 
checks. In a number of instances the differ- 
ence between parasitization in the indi- 
vidual experiment orchards and the aver- 
age of the check orchards was small, but 
the trend was decidedly toward higher 
parasitization in the orchards that re- 
ceived liberations. The difference between 
the averages of second-brood parasitiza- 
tion that occurred in the experiment or- 
chards and the check orchards in the dif- 
ferent groups ranged from 1.4 to 24.5 per 
cent and the mean difference was 9.3 + 2.8 
per cent. The mean difference for the 5 
years is significant. The conclusion, there- 
fore, is that the orchards that received 
parasite liberations during this period 
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had an average second-brood parasitiza- 
tion higher than the average second-brood 
parasitization in the orchards receiving no 
parasite liberations. 

Errect or Parasite LIBERATIONS ON 
ReLaAtivE ABUNDANCE OF Species Re- 
LEASED.—Evidence that the relative 
abundance of the species liberated (in 
most instances Macrocentrus ancylivorus) 
in the total parasite population in the or- 
chards that received liberations was 
greater than in the check orchards should 
substantiate the conclusion that the 
higher rate of parasitization in the experi- 
ment orchards was the direct result of the 
liberations. The percentages of the species 
liberated out of the total number of para- 
sites reared from each group of orchards 





Table 3.—Relative abundance of the species 
liberated as compared with the total number of 
parasites reared, for each orchard group in 
southern New Jersey, 1938 to 1942, inclusive. 








SECOND-BROOD 
RecorpDs 


First-BROOD 
Recorps 





Experi- Check  Experi- Check 





ment Or- ment Or- 
County AND Or- chards Or- chards 
YEAR chards chards 
Per Cent Per Cent Per Cent Per Cent 

Mercer 

19388 179.0 77.8 164.1 41.4 

1939 72.6 81.8 61.9 56.7 
Burlington 

1989 188.4 89.2 189.0 79.0 

1940 68.7 71.2 96.6 92.2 

1941 93.2 95.4 91.8 89.58 

1942 _ — 79.6 75.6 
Camden and 

Gloucester 

1940 75.5 89.2 98.5 95.2 

1941 _— — 94.4 93.3 

1942 _ — 92.9 88.9 
Average (un- 

weighted) 79.6 84.1 85.4 79.1 





1 Values for Macrocentrus ancylivorus and Bassus diversus 
combined. Elsewhere B. diversus was absent and the values are 
for M. ancylivorus only. 


are given in table 3. Bassus diversus con- 
stitutes an element in the values obtained 
only in the years and counties indicated. 
Data for the first brood were obtained 
from all orchards during the first 3 years, 
from only four orchards in 1941, and from 
none in 1942. The data for the second 
brood are complete for all the orchards in 
the various groups, and show the maxi- 
mum effect of the liberations, as most of 
the parasites were released near the be- 
ginning of the presence of that brood. 
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In the first brood the relative abun- 
dance of the species liberated as compared 
with all the parasites present was less in 
the experiment orchards, except in 1938, 
than in the check orchards, the difference 
between the two percentages being 
4.5 +2.3. Most of the collections however, 
were made before any of the parasites had 
been released. During the second brood, 
after more releases had been made and the 
parasites had had more time to build up, 
the species liberated constituted a greater 
proportion of the total parasite population 
in the experiment orchards than in the 
checks, the difference being 6.3 + 2.2. This 
difference is significant. In the parasite 
population in only 3 of the 31 orchards 
that received liberations was there a lower 
percentage of the species liberated than in 
the average parasite population of the 
orchards that received no liberations. The 
marked increase from the first to the sec- 
ond brood in the relative abundance of the 
species liberated in the experiment or- 
chards as compared with a nearly equal 
decline in their relative abundance in the 
check orchards, and the fact that the dif- 
ference between experiment and check or- 
chards in the second brood is significant, 
substantiate the conclusion that parasiti- 
zation in the experiment orchards was in- 
creased by the mass liberations of para- 
sites. 

In Mercer County during both years 
the species of parasites liberated (both 
Macrocentrus ancylivorus and Bassus di- 
versus in 1938, but the former only in 
1939) were reared in considerably less 
relative abundance from the second brood 
than from the first brood in the experi- 
ment orchards. M. ancylivorus was like- 
wise reared in considerably less relative 
abundance from the second brood than 
from the first brood in the Mercer County 
check orchards. This was due to competi- 
tion from the indigenous species Glypta 
rufiscutellaris Cress., which was especially 
important as a parasite of second-brood 
larvae in that county. 

Errect oF Parasite LIBERATIONS ON 
NuMBER OF Morus THAT EMERGED PER 
Tree.—Oriental fruit moth injury to ripe 
peaches of main-season varieties is caused 
chiefly by the progeny of second-brood 
moths. It is logical, therefore, that if 
beneficial results are to be obtained from 
mass liberations of parasites, these should 
effect a reduction in the number of second- 
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brood moths. The number of moths that 
emerge per tree is the best available 
measure of the number of larvae that has 
escaped parasitization and developed to 
maturity. Evidence that such a reduction 
occurred in the orchards in which para- 
sites were released is presented in table 4, 
which gives the number of second-brood 
moths that emerged per tree in the or- 
chards that received parasite liberations 
and in the check orchards. 


Table 4. Number of moths that emerged per 
tree from second-brood larvae collected in the 
orchards that received parasite liberations, and 
also in the check orchards, from 1938 to 1942, 
inclusive. 








EXPERIMENT CHECK 
OrcHARDS ORCHARDS 


County AND YEAR 











Mercer 
1938 1.6 7.1 
1939 g. 3.1 
Burlington 
1939 2.5 5.4 
1940 7.9 10.4 
1941 2.7 7.4 
1942 6.3 8.5 
Camden and Gloucester 
1940 1.7 6.5 
1941 2.2 2.9 
1942 2.3 3.5 
Average (unweighted) 3.3 6.1 





In all 9 of the groups of orchards avail- 
able for comparison fewer second-brood 
moths emerged per tree in the orchards 
that received parasite liberations than in 
the check orchards. In only 4 of the 31 
orchards that received parasite liberations 
was the number of motis that emerged 
per tree greater than the average number 
that emerged per tree in their check or- 
chards. The mean differences in group 
averages between the number of second- 
brood moths that emerged per tree in 
the orchards that received parasite lib- 
erations and the number that emerged per 
tree in the check orchards in the 9 groups 
was 2.80+.6 moths per tree. This differ- 
ence is highly significant. It is concluded, 
therefore, that the mass liberations of 
parasites reduced the number of second- 
brood moths that emerged per tree. 

SumMARY.—From 1938 to 1942, in- 
clusive, studies of the effects of experi- 
mental mass liberations of parasites to 
control the oriental fruit moth were made 
in 9 groups of peach orchards in southern 
New Jersey. In each group not less ‘than 
3 orchards received liberations and not 
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less than 2 were included as checks. Lib- 
erations were made in a total of 31 or- 
chards, and the total number of orchard- 
season observations, including those in 
check orchards, was 62. During the period 
covered, liberations were made over 360 
acres of peach orchard, and check-orchard 
observations were made on an additional 
313 acres of peach orchard. 

Macrocentrus ancylivorus and Bassus di- 
versus were liberated in 1938 and 1939 but 
only M. ancylivorus was liberated in 1940 
to 1942, inclusive. Parasites were liberated 
during the 5 years at the average rate of 
3.3 females per tree or 330 females per 
acre of orchard. Although some parasites 
were liberated on first-brood larvae, the 
greater number were liberated in the or- 
chards during the occurrence of the second 
brood. 

Over the 5 year period an average of 47 
per cent less fruit was injured per tree in 
the orchards that received parasite lib- 
erations than in the check orchards. Sup- 
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plementary evidence substantiates the 
conclusion that the observed reduction in 
fruit injury was due to the parasites re- 
leased. Parasitization of second-brood 
larvae averaged higher in the orchards 
that received parasite liberations than in 
the checks. The species liberated com- 
prised a larger portion of the total para- 
sites reared from second-brood larvae 
collected in the orchards that received lib- 
erations than from second-brood larvae 
collected in the checks. The number of 
moths that emerged per tree from second- 
brood larvae was less in the orchards that 
received parasite liberations than in the 
checks. 

From these studies it was concluded 
that the mass liberations of parasites, 
chiefly Macrocentrus ancylivorus, increase 
the parasitization of second-brood oriental 
fruit moth larvae, reduced the number of 
second-brood moths escaping parasitiza- 
tion, and thus reduced fruit injury by 
about 50 per cent.—1-27-44. 
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Toxicity of Ricin, Ricinine, and Related Compounds 
to Codling Moth Larvae 


E. H. Seater, M. 8S. Scuecurer, and H. L. Haurer, U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and Plant Quarantine 


Recent renewed interest in the castor- 
bean plant, Ricinus communis L., as a pos- 
sible source of insecticide materials sug- 
gested a study of the effect of ricin, an 
albumin, and ricinine, an alkaloid, on the 
codling moth larva, Carpocapsa pomonella 
(L.). These compounds are known to 
occur in the seeds as well as in other parts 
of this plant. Ricin is considered to be 
extremely toxic to man (Merck Index 
1940, p. 481), whereas ricinine is reported 
to be not nearly so toxic (Schroeter et al. 
1932; Henry 1939, p. 16). 

In the last few years a number of in- 
vestigators have refuted earlier claims as 
to the toxicity of the castor-bean plant to 


certain insects (Haller & McIndoo 1948). 
Pure ricin and ricinine have been found to 
be without effect on grasshoppers (Hart- 
zell & Wilcoxon 1941). However, a 
commercial insecticidal spray material 
prepared from this plant was announced 
by Holzcker (1940) as being effective in 
the control of many insect pests. 

Samples of ricin and ricinine, iso- 
lated from plant material, were obtained 
N. L. Drake and H. A. Miller, of the Uni- 
versity of Maryland. Synthetic ricinine 
was prepared according to the method of 
Schroeter and coworkers (1932): cyano- 
acetyl chloride I—chloronorricinine IIA 
(ILB is the pyridone formula of this com- 
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pound)—norricinine III—ricininie acid 
IV—ricinine V. 

Toxicity tests by the senior author 
showed ricin to be non-toxic to codling 
moth larvae and ricinine to be highly toxic. 
A number of synthetic organic compounds 
related to ricinine were therefore pre- 
pared according to methods used by 
Guareschi (1896 and 1899), and tested 
against this insect. The pharmacology of 
some of these compounds has been in- 
vestigated by Deriu (1901); they were 
found to be only slightly toxic to dogs, 
rabbits, and cats. 

The data on the codling moth were ob- 
tained under laboratory conditions by the 
apple-plug method. With the exception of 
tests of 1,2-dihydro-1,4,6-trimethyl-2-ox- 
onicotinonitrile, in which over 300 plugs 
were used, the results are based on about 
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100 apple plugs for each compound. A 
single viable codling moth egg was en- 
closed with each plug. For spray purposes 
the compound was dissolved in 95 per 
cent ethanol, and then sufficient water 
was added to dilute the ethanol to 20 per 
cent. For comparison, tests were also 
made with lead arsenate, the standard in- 
secticide for this insect. All compounds 
were used at the rate of 4 pounds to 100 
gallons of the carrier. . 

The results of these tests are given 
in table 1. Even though all these com- 
pounds are closely related chemically, 
only two are toxic to codling moth— 
ricinine (1,2-dihydro-4-methoxy-1-methyl- 
2-oxonicotinonitrile) (V) and 1,2-dihydro- 
1,4,6-trimethyl-2-oxonicotinonitrile (VIII). 

A study of the structural formulas of 
these compounds leads to the hypothesis 
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Table 1.—Toxicity of ricin, ricinine, and re- an N-methyl group and no free hydroxy] 
lated compounds to codling moth larvae. group and is toxic. C ompound IV has an 
* bad Pen Cext or N-methyl group and also a free hydroxyl 
Aprie Pivos group and is nontoxic, whereas ricinine, 


V, has an N-methyl group and no free 














CompounD Formuta Wormy Stung “ ; 
Ricinine (natural) V 1 0 hydroxyl group and Is toxic. 
Ricinine (synthetic) \ 7 0 Metcalf & Kearns (1941) found that 
1,2-Dihydro-1,4,6-trimethy!- . . . 
2-oxonicotinontrile vu so 80 methylation of the amino group of pic- 
4,6-Dimethy]-?-hydroxy- ; ; , ite . . 
+ Dimethy!-4-hydro we ea hdl ramic acid increased its toxicity to the 
+-Methyl-2,6-dihydroxy- ve i ¥ greenhouse leaf tier, Phlyctaenia rubigalis 
mcotimonitri P. 
( ey ieee, VI fed 0 (Guen.). 
1,2-Dihydro-1,4-dimet hy!-6-hy- ee » 1h 
doeny-6-qneniectinenttalle xX oF 1 , SUMMARY oo os A study of the toxicity of 
Chloronorricinine HA or 1B 94 0 ricin and ricinine, which occur in the 
Ricininie acid iv 97 a castor-bean plant, synthetic ricinine, and 
piste (onamia) an 5S °¢ eight closely related compounds to larvae 
Check (no treatment) os 0 of the codling moth, Carpocapsa pomo- 





nella (L.), showed that only two of them 
that two structural factors are responsible _ were effective killing agents, ricinine (1,2- 
for their toxicity: A methyl group must dihydro-4-methoxy-1-methyl-2-oxonicotin- 
be attached to the heterocyclic nitrogen  onitrile) and 1,2-dihydro-1,4,6-trimethyl- 
atom (presumably other alkyl groups 2-oxonicotinonitrile. The structural for- 
would also be suitable), and there must mulas of both these compounds show a 
be no free hydroxyl group attached to the methyl group attached to the heterocy- 
ring. Compound VII has no N-methyl clic nitrogen atom and no free hydroxyl 
group and is nontoxic, whereas VIII has group attached to the ring. 
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Relative Effects of Several Base Oils Used in Livestock Sprays 
on the Skin of Cattle'” 


F. W. Arxeson, A. R. Boramann, Roger C. Samira, and A. O. SHaw, 
Kansas Agricultural Experiment Station 


A livestock spray should be evaluated 
in terms of the combined results of: 1, 
physiological effect on the animals; 2, 
repellent effect; 3. toxic effect; and 4, 
physical properties. Physiological effect 
is listed first because a spray which burns 
the cow’s skin or depresses milk produc- 
tion may be worse than no spray, even 
though its toxic ingredients result in a 
high percentage of knock-down, and kill, 
and excellent repellency. Standardized 
technique for testing the toxic effect of 
livestock sprays under laboratory condi- 
tions (reviewed by Nelson 1941)’ has 
resulted in considerable research data on 
the knock-down and kill of various in- 
gredients and combinations thereof. Lab- 
oratory tests for repellency have been at- 
tempted (reviewed by Nelson 1941) and 
at least one test for physiological effect 
has been suggested (Prentiss & Company 
1936), but it is doubtful whether the re- 
sults of these tests are applicable to field 
conditions. Nelson (1941), in reporting 
for the cattle spray test committee before 
the National Association of Insecticides 
and Disinfectant Manufacturers, stated 
that “The laboratory methods for evalu- 
ating toxicity are not satisfactory;” and 
“The laboratory methods for testing re- 
pellency values are definitely not accept- 
able to the committee.” Another writer 
(Prentiss & Company 1936), in discussing 
the use of the Peet-Grady test for live- 
stock sprays, stated—‘Due regard must 
be kept for the fact that these conditions 
bear little or no resemblance to those un- 
der which the spray is actually used by 
the consumer and for the fact that a Peet- 
Grady knock-down and kill, however good 
it may be, is only one of the requirements 
of a really effective stock spray.” Similar 

1 This publication and the one following, p. 428, are reports 
on some phases of a co-operative investigation rted by a 
fellowship established at the Kansas yp on ee Reales ent 
Station, June, 1940, by the Hercules Powder Company, Wil- 
mington, Delaware. Associated in the outling and supervising 
of the investigation were Friar M. Thompson, Jr., Entomologist, 
Hercules Powder Company, and Roger C. Smith, Entomolo- 
6 en So ee oe 

appointed to this fellowship oy Floyd J. Hoimes, Department 

Entomology in 1940, and Russell Borgmann, Depart- 
ment of Dairy Husbandry in 1541. 


2 Contribution No. 154 from the Department of Dairy Hus- 
bandry and No. 525 from the Department of Entomology. 


limitations of the Peet-Grady laboratory 
test for toxicity when applied to livestock 
sprays have been reported by Eagleson 
(1940, 1941), Ford (1941) and Atkeson 
et al., (1943). Less progress has been made 
toward the establishment of standardized 
technique in testing livestock sprays for 
their physiological effect on the cows. 

In recent years, animals have been less 
frequently observed which were burned 
either by the improper use of livestock 
spray, or by the use of a poor spray. A 
survey, however, showed that 14 of the 
100 farmers interviewed had noticed some 
injury to animals caused by fly spray 
(Murray 1940). Most spray manufactur- 
ers have attempted to avoid such unfa- 
vorable results by changing their spray 
formulas according to experimental facts 
and fields observations. Relatively little 
research has been conducted on the effects 
of sprays and spray ingredients on the 
skin and hair of sprayed cattle, particu- 
larly in recent years. Since most spray 
formulas have been changed considerably 
in the past decade, and likewise oils and 
spray ingredients have been markedly 
changed; it seemed desirable to study 
some of the physiological properties of 
modern sprays, especially the types of 
oils used. The observations were limited 
to the effect on the skin and hair of dairy 
cattle. Such information would be of spe- 
cial value, should consideration be given 
to standard specifications for oils used in 
livestock sprays, as has been discussed for 
household sprays (N.A.D.M. 1942). 

Review or Lirerature.—As late as 
1936, the revised Federal regulations 
(Food and Drug Administration 1936) 
contained the following statement: “Un- 
qualified statements to the effect that 
oils are ‘safe,’ ‘non-poisonous,’ ‘harmless’ 
and ‘will not injure the hair or hide of 
animals’ are not generally true and should 
not be made.” This statement with refer- 
ence to hair and hide, together with re- 
ports of dairymen (Murray 1940), indi- 
cates that the problem of injury to cattle 
by livestock sprays is not completely 
solved. 
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Gnadinger (1936), in reviewing the 
general physiological effects of sprays on 
livestock, stated, “The physiological ef- 
fect of the spray is due almost entirely to 
the kind of base oil used, since pyreth- 
rum has no action on the animal.”’ Searles 
and Snyder (1939) reported injury to some 
animals in tests made with sprays having 
as a base refined oil known as mineral seal 
oil purchased from a large oil company, 
and intended for a cattle spray. Shaw and 
Atkeson (1948) sprayed three groups of 
cows twice daily with 25 cc. of three mix- 
tures of commonly used active ingredients 
in the same base oil, sold for use in fly 
spray by one of the large oil companies. 
Each cow was sprayed with each spray 10 
consecutive days and was exposed to the 
sun. They reported, “No skin injuries or 
any indications of distress were evident 
among the cattle sprayed.” 

The only published data on the effect 
of various types of oils and toxic ingre- 
dients of livestock sprays on cattle are 
found in the reports of Freeborn, Regan, 
et al. (1925, 1928, 1932, 1934, 1936), Mel- 
vin (1932) and Wilson, Pearson and Can- 
non (1933). Undoubtedly commercial 
sprays and some of the ingredients used 
in manufacturing them have been changed 
since those data were published. 

In their 1925 experiments, Freeborn 
and Regan sprayed cows for 30 consecu- 
tive days with 400 cc. of a white odorless, 
tasteless, non-toxic petroleum oil of west- 
ern origin, resembling liquid petroleum 
except that it was lighter and less viscid 
(specific gravity 0.8762, flash point 310, 
Saybolt viscosity 105, unsulphonated resi- 
due 100 per cent). They similarly sprayed 
other cows with a mixture of two parts 
of that oil and one part of household spray 
which had a kerosene base. No harmful 
effects to the skin or hair of the cows were 
observed although milk production was 
decreased. Likewise, no harmful effects to 
skin and hair were reported in 1928 when 
250 cc. of oil of eastern origin was applied 
daily for two weeks (sp. gr. 0.8383, fl. pt. 
340, Saybolt vis. 68). Again milk produc- 
tion was decreased and marked increases 
in body temperature and respiration rate 
were found. 

In 1932 they reported results from the 
use of four sprays made from different 
base oils and different combinations of 
toxic ingredients. The sprays compared 
were: 1. Straight cut oil (boiling range 
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550-560, Saybolt viscosity 54, unsulpho- 
nated residue 93) plus ? pound of pyreth- 
rum, 2. Blend oil (379-690, 40, and 86 
respectively) plus } pound of pyrethrum 
and $3 per cent pine oil, 3. Blend oil (320— 
640, 40, 89) plus } pound of pyrethrum 
and 3 per cent pine oil, and 4. Blend oil 
(316-757, 36, and 63) plus } pound of 
pyrethrum and 4 per cent pine oil. In 
three trials, the amount of oil was reduced 
to 20, 40 and 80 cc. daily per cow, and the 
animals in one of the trials were unpro- 
tected from the sun. The results showed a 
decrease in milk production and an in- 
crease in body temperature and respira- 
tion rate caused by spraying with oil base 
sprays. They concluded from all these re- 
ports and their report of 1934, as summa- 
rized in the 1936 report, that the physio- 
logical disturbance of the cows was caused 
not by blanketing with oil, but by the 
chemical reaction of the oils with the skin 
causing inflammation of the peripheral 
capillaries, thereby reducing water dissi- 
pation from the skin and impairing the 
cooling power of the animal to critical 
limits at high atmospheric temperatures. 
They stated that there is a difference be- 
tween true burning with attendant visible 
lesions and inflammation of the skin suf- 
ficient to cause excessive rise in body tem- 
peratures. 

In discussing various oils they stated 
that, ““—the characteristics of the oil are 
extremely important from the standpoint 
of the welfare of the cows. A viscosity of 
38 seconds was toxic even though the un- 
sulphonated residue was nearly 100 per 
cent. On the other hand, an oil with a 
viscosity of 70 seconds was toxic in con- 
nection with a 90 per cent unsulphonated 
residue, and safe with a 100 per cent un- 
sulphonated residue. With a 100 per cent 
unsulphonated residue, it is safe to go as 
high as 105 seconds viscosity providing 
excessive amounts are not used. In other 
words, an oil with a viscosity below 40 
seconds is apt to burn the cow and one 
above 65 seconds may also burn if the 
unsulphonated residue is much below 90 
per cent. The natural inference is that the 
oil of the higher viscosity holds the un- 
saturates on the body of the animal long 
enough to produce toxic effects while one 
of lower viscosity, such as 50 seconds, al- 
lows for the volatilization of the unsatu- 
rates before serious damage is produced. In 
this connection it must be borne in mind 
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that 2 wide blend made of a very light and 
a very heavy oil may give a viscosity read- 
ing within the safe range (40-65) but with 
the rapid volatilization of the lighter frac- 
tion, the residual oil left on the cow may 
havea much higher viscosity than the orig- 
inal blend in which case any percentage 
of unsaturates might prove dangerous.” 

Melvin (1932) obtained results similar 
to those of Freeborn and Regan with re- 
spect to increases of body temperatures 
and respiration rates when cows were 
sprayed with four different oils. His re- 
sults showed that exposure to sunlight 
accentuated the harmful effects of the 
sprays. Three of the four oils were quite 
similar, as indicated by the following prop- 
erties: Oil No. 1.—Boiling range 374- 
572, viscosity 43 seconds, specific gravity 
33.0; No. 2.—230-—-750, 41, and 24.2 re- 
spectively; Oil No. 4.—424-650, 42, and 
36.8; and Oil No. 3.—540—760, 80, and 
28.6. Oil No. 3 was considerably heavier 
than the others. He drew no conclusions 
regarding the relative effects of the differ- 
ent oils, and from charts presented it is 
difficult to establish differences in results, 
even with the heavier oil. The only men- 
tion made of effects on hair and skin was 
in a test covering one week when an ex- 
cessive amount (200 cc.) of spray was pur- 
posely applied daily to each animal. Some 
shedding of hair was observed in 2 of 6 
animals. All animals were kept in the 
shade during this test. 

Wilson, et al. (1933) compared the ef- 
fects of spraying on 12 groups of cows, 
each sprayed for a two-month period with 
a different oil at the daily rate of 60 cc. 
per cow. Results were measured in skin 
observations and body temperatures. All 
cows were allowed to run in pasture, 
except at milking time. Their results 
showed that—‘“‘Seven of the 12 oils caused 
no skin injury, while 5 caused noticeable 
injury as indicated by loss of hair and 
cracking and peeling of the skin. The injury 
was most evident on those portions of the 
body most exposed to the sun’s rays. The 
amount of injury caused by the sprays 
was influenced by the method of applica- 
tion. Cows varied in their susceptibility 
to skin injury.” The first appearance of 
skin injury occurred 35 days after spray- 
ing was started. The hair of nearly all the 
sprayed cows appeared somewhat harsh 
and dirty due to accumulation of dust on 
the oily hair. Although the authors stated 
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that the 12 oils varied in viscosity and de- 
gree of refinement, data furnished on ap- 
proximate Saybolt viscosity and unsul- 
phonated residue for each oil (only prop- 
erties listed) show that 9 of the 12 were 
approximately the same in these two prop- 
erties (80-85 Saybolt viscosity and 70 per 
cent unsulphonated residue). Of the other 
three oils, one had the same viscosity with 
90 per cent unsulphonated residue, while 
two were considerably different in vis- 
cosity (40-45 Saybolt viscosity and 80 per 
cent unsulphonated residue, and 50-55 
Saybolt viscosity and 70 per cent unsul- 
phonated residue). Nine different toxic in- 
gredients which, however, were not listed 
and several concentrations thereof were 
involved. It is difficult, from the data 
given, to interpret differences in results 
in terms of differences in properties of the 
oils used. The fact that most of the sprays 
were within the realm of safety indicated 
by Freeborn and Regan may explain the 
small number of cows injured, when 
sprayed for a relatively long period. 

Kansas Experiments IN 1941.—Seven 
groups of dairy heifers, containing 3 or 4 
animals each, were selected to compare 
the effect on the hair and skin of daily ap- 
plication of selected sprays. The seven 
sprays compared included two widely 
used base oils alone, a widely used com- 
mercial livestock spray, and one of the 
selected base oils mixed with four different 
combinations of toxic ingredients. Each 
group of heifers was sprayed daily with 
25-30 cc. of spray, depending upon the 
size of animal (approximately 40 cc. per 
1000 pounds of body weight). Spray was 
applied with an electric hand sprayer op- 
erated by the same experienced operator. 
The tests began August 1 and continued 
for 30 days. Not all of the groups were 
started at one time but all groups were 
being tested simultaneously during most 
of the period. Observations were made on 
all animals on selected days, after suf- 
ficient time had elapsed to indicate meas- 
urable differences. The heifers recewed no 
protection from sun or rain. During Au- 
gust a total of 3 inclies of rain fell, being 
distributed as one rain of 1.83 inches on 
August 12, rains on five other days vary- 
ing from 0.11 to 0.37 inch, and four other 
days with a “trace.” 

Difficulty was experienced in recording 
observations in standardized terms which 
would reflect true differences in the con- 





422 


dition of the animals. The following gen- 
.eral conclusions appear to be justified: In 
all groups, the heifers varied in the effects 
caused by spray. The first indication of 
harmful effect was shown by slight shed- 
ding of hair along the back andrump. 
More advanced injury resulted in shed- 
ding in small spots, then dandruff-like 
particles, scurfy flakes, followed by ex- 
cessive wrinkling of the skin with appar- 


Table 1.—Observed effects on skin of cattle 
caused by fly sprays (25-30 cc. applied daily). 








Cow Days SKIN 
No. sprayep InJury' 


Spray Description 


Base Oil A, alone Medium 
30 Medium 
30 Medium 


30 Medium 


m0 tO 


| 
| 


Base Oil B, alone 25 Slight 
25 Slight 
25 Medium 


25 Medium 


* a em 


Medium 
Slight 

Medium 
Medium 
Slight 

Medium 
Medium 


Base Oil B, plus 9 30 
3.75% Pyrethrum? 10 30 
5% D.H.S. ll 30 

12 30 





Base Oil B, plus 13 23 
2.5% Pyrethrum? 14 23 
10% Yarmor Pine Oil 15 23 


Base Oil B, plus 16 23. ~—s Very slight 
3.75% Pyrethrum? 17 23 ~—s Slight 
15% Yarmor Pine Oil 18 23 Medium 

Base Oil B, plus 19 23 

4% Lethane 384 20 23 

21 23 





Very slight 
Medium 
Medium 





Commercial Livestock 22 25 
Spray 23 25 
24 25 

25 25 


Medium 
Medium 
Medium 
Medium 





1 Degrees of skin injury: 1. very slight, 2. slight, 3. medium, 
4. marked, 5. severe. 
2 20:1 concentrate of pyrethrum used. 


ent thickening and tenderness. Wrinkling 
and other more marked effects occurred 
first on the neck, where the skin is rela- 
tively thin and covered with shorter hair, 
yet exposed to the sun. 

Observations recorded (Table 1) indi- 
cate that all the sprays showed at least 
some indications of injury. Even the 
worst cases, however, would not have been 
considered serious by dairymen. Although 
differences between the extremes of the 
best and worst sprays were quite evident, 
the differences between several of the 
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sprays were of doubtful significance. This 
might be expected, since five of the sprays 
included the same base oil, unless the toxic 
ingredients in the amounts used would 
cause a difference. Observations taken 
during progress of the test indicated that 
probably the worst affected was the group 
sprayed with the commercial livestock 
spray, and the second most affected was 
the group sprayed with Base Oil A alone 
which was used for comparison with Base 
Oil B alone and with various toxic ingre- 
dients. Relatively little difference existed 
between the results of Base Oil B alone 
and the same oil with various toxic ingre- 
dients. 

In general, the results are of value only 
in that they show a tendency for some 
widely used sprays and spray materials 
to cause some injury under the prevailing 
conditions and the need for controlled ex- 
perimentation with widely varying types 
of oils alone. 

Tue Experiment IN 1942.—Sixteen 
dairy cows, fifteen Holsteins and one 
Guernsey, were used in studying seven- 
teen base oils. A canvas cow blanket was 
used to protect the animal while being 
sprayed, except for an exposed area of 
square feet, 1 foot wide and 2 feet long. 
Four such sections were cut in the 
blanket, two on each side. When the 
blanket was placed on a cow the top of the 
cut areas was about 4 inches from the back 
line, extending 2 feet down the side of the 
cow. The front cut area extended from the 
point of the shoulder back one foot. A 
strip 4 inches wide separated the two 
areas. By cutting the four rectangular 
areas on the sides and bottom only, it was 
possible to fold the resulting flap back 
when spraying one area and leave the flap 
down for protection on the other areas. 
Thus, only one area on the cow was ex- 
posed at a time, and four different oils 
could be compared on the same animal. 
Each exposed area represented approxi- 
mately one-twentieth of the total area of 
the cow, and the four areas combined 
about one-fifth. The areas selected were 
considered typical for comparison, since 
they were not the most sensitive part of 
the animal such as the neck, and yet they 
were exposed to the sun, The cows were 
blanketed only while being sprayed; the 
rest of the time they were kept in a lot 
unprotected from sun and weather, except 
during milking periods. The same area of 
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an animal was sprayed with the same oil 
daily for 30 days. 

The first test period began July 24 and 
continued for 30 days. Six cows, five Hol- 
steins and one Guernsey, were used. Ten 
ce. of each oil were applied to an area, 2 
square feet in size. The second test period 
began August 24 and continued 20 days. 
In this test six other Holstein cows were 
used and the quantity of oil applied to an 
area was reduced to 5 cc. The surface 
areas of three freshly slaughtered cows 
were obtained by removing the hides, lay- 
ing them on a flat surface, and measuring 
them with a planimeter. From the data 
thus obtained it was estimated that the 
application of 10 cc. of spray to 2 square 
feet was at the approximate rate of 200 
cc. per animal, and the 5 cc. application 
at 100 cc. per animal. 

A third test was conducted in which oil 
No. 4 was sprayed over the entire animal 
in the usual manner at the rate of 30 cc. 
per day for 25 consecutive days. Oil No. 4 
was chosen because it represented ap- 
proximately the mid-point of all the oils 
in Saybolt viscosity and unsulphonated 
residue content. During the second and 
third tests the cows were managed in the 
same manner as in the first test. The re- 
sults, as in the 1941 experiment, were 
measured only by observations of the hair 
and skin of the animals, taken on selected 
days. 

Discussion or Resutts: Laboratory 
Tests.\—Before attempting to associate 
various properties of oil, as reflected by 
the laboratory tests, with the hair and 
skin observations resulting from spraying 
cattle, it might be in order to describe 
briefly the tests used and indicate what 
each discloses about an oil. 

Specific gravity is obtained by use of 
a hydrometer. The heavier oils are higher 
in specific gravity reading and the lighter 
oils the reverse. 

Viscosity is a measure of the fluid fric- 
tion (internal friction of a liquid and is 
also referred to as “body” of an oil. The 
instrument used to measure kinematic 
viscosity is a capillary type viscometer 
and the viscosity is recorded in centi- 
stokes. A Saybolt viscometer is used to 

1 For reference on tests see: 

Federal Stock Catalog, Section 4 (Part 5). Federal Specifica- 
tions for | and Liquid-Fuels; General Specifications 
ret of Sam and Testing) VV-L-791b, Feb. 19, 1942. 

M Stands -! for Petroleum Products and Lubricants, 


sannkant Society for Testing Materials, 260 S. Broad St., Phila- 
delphia, Pa. 
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measure Saybolt viscosity which repre- 
sents the seconds required for a definite 
volume of oil under an arbitrary condition 
to flow through a standard aperture at a 
stated constant temperature. Equivalent 
Saybolt viscosity was calculated in the 
tests herein reported from the kinematic 
viscosity. Viscosity is generally associated 
with volatility. 

The flash point of an oil is the lowest 
temperature at which the vapors arising 
therefrom ignite, without setting fire to 
the oil itself, when a small test flame is 
quickly moved over its surface in a test 
cup. The rate of heating must not exceed 
30° F. per minute and must be moderated 
to not more than 11° F. or less than 9° F. 
per minute for at least the last 50° F. be- 
fore the flash point is reached. The flash 
point indicates in a rough way the vola- 
tility of the oil, the more volatile oil usu- 
ally having a lower flash point. A low 
flash point associated with a high viscosity 
might indicate a blend of light and heavy 
oils, as is sometimes done in the manufac- 
ture of livestock sprays to obtain a com- 
bination of killing power and repellency. 

Neutralization number is an expression 
of the acidity of an oil under specified con- 
ditions. Small amounts of natural organic 
constituents having acid characteristics 
are found in all mineral oils. In some refin- 
ing methods the oil is treated with sul- 
phuric acid and subsequently neutralized 
with alkali. Traces of acid or alkali might 
thus be left in the oil. Acidity of the oil is 
measured by the number of milligrams of 
potassium hydroxide necessary to neu- 
tralize the acid in one gram of oil by fol- 
lowing a definite prescribed procedure, 
and is reported as the neutralization num- 
ber. Neutralization number is not impor- 
tant in new oils, but is useful as a measure 
of breakdown in oils such as crank case 
oils. 

The distillation test is a measure of 
volatility of oil. A stated quantity of oil is 
placed in a flask which has a thermometer 
inserted through a stopper in the- neck 
with the bulb above the oil. As the oil is 
heated the vapors arising are led through 
a condenser and the resulting liquid is 
collected in a graduated cylinder. Heat is 
applied at a specified uniform rate and so 
regulated that the first drop of distillate 
falls from the condenser in from 5 to 10 
minutes. The temperature at which the 
first drop falls is called the initial boiling 
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Table 2.—Properties of seventeen livestock oils' (1942 experiments) 








Oil Number 1 2 


3 4 5 6 7 8 9 





Gravity 60°F. 
Kinematic 
1D445-39T) 
Centistokes 100° F. 
Equivalent Saybolt Viscosity 
Seconds 


Flash Point, Pensky- Martens 
(ASTM D39-36) °F. 
Neutralization Number 
(ASTM D483-40) % 
Unsu nated — 
(ASTM D483-40 
Distillation Test (ASTM D158-41) 


Viseosi 
Lab. Test 1.43 
Claimed? 

Lab. Test 32—- 
Claimed 

Lab. Test 138 
Lab. Test 0.017 


Claimed 
Lab. Test 
Claimed 
Lab. Test 


Lab. Test 0.8488 0.7809 0.7839 0.7981 1.0057 0.8123 


0.8363 0.8270 0.8623 


1.77 2.33 3.06 3.91 6.85 7.37 
38- 39 50 


33 
34.1 36.2 38.8 40.6 48.2 49.9 
1? 260 315 
200 265 270 320 305 
0.006 0.011 0.003 0.006 0.011 0.048 


96 0+ 95 87 95 84 
5 92.5 80.5 


98. 93.0 0.00 92.5 84 
390-490 449-582 485-560 532-612 495-620 612-700 565-665 


520 586 572 
542 607 
545 610 
550 612 
616 
619 
621 
623 
626 
630 
636 
640 
648 


4.48 
39 


BSSESESSERS53 











Oil Number 





Specific Gravity 60°F. Lab. Test 
Viscosity Kinematic 
(ASTM 1D445-39T) 
Centistokes 100° F. 
Equivalent Saybolt Viscosity 
Seconds 
Flash Point, Pensky- Martens 
(ASTM Ds9-36)°P. 
Neutralization alan 
(ASTM 1D483-40) % 
Unsulphonated Residue 
(ASTM 1D483-40) % 
Distillation Test ( ASTM D158-41) 


Lab. Test 
Claimed? 
Lab. Test 
Claimed 
Lab. Test 
Lab. Test 


Claimed 
Lab. Test 
Claimed 
Lab. Test 


705 
722 


65 ) 
71.0 
335 


360 
0.045 


&l 
78.0 
580-7 40 


619 
620 
636 
645 
658 
672 
690 
712 
728 
732 





! Laboratory tests made in laboratory of Kansas State Higl 





point (1.B.P.). From then on the heat is 
so regulated that distillation takes place 
at the rate of 4 to 5 cc. per minute of 
heating. The end point is the highest tem- 
perature recorded on the thermometer. 
Readings are recorded in degrees F. as dif- 
ferent percentages of the distillation prod- 
ucts are obtained. The distillation range is 
the temperature spread between the 
initial boiling point and the end point. 
Accepting the distillation range without 
considering the curve resulting from plot- 
ting the quantity against temperature 
may be deceiving. If a bad break occurs 
anywhere in the curve it indicates two or 


iway Commission. 
2 Claimed—Reports by letter from comp s furnishing the oil. 


more fractions of oil varying widely in 
volatility, or a blend of oils may be in- 
volved. Thus, a fly spray oil might have 
the desired viscosity as the result of 
blending a light and heavy oil but that 
fact would be reflected in the lack of uni- 
formity of distillation readings. Generally, 
the distillation test is related to the vis- 
cosity test; the heavier the oil, the higher 
the initial boiling point and the higher the 
end point. 

The unsulphonated residue test con- 
sists of mixing 37 N sulphuric acid with 
5 ml. of oil in a special bottle with a gradu- 
ated neck. After proper centrifuging, the 
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oil rises in the neck of the bottle above the 
acid sludge. The oil in the graduated bot- 
tle neck is read in percentage, and repre- 
sents that part of the oil sample which did 
not react with the sulphuric acid, and is 
called the unsulphonated residue. The un- 
sulphonated residue represents the paraf- 
fin oils; while the sulphonated portion 
represents the aromatic oils such as ben- 
zene, napthalene, anthracene and their 
derivatives which have not been removed 
in the refining processes. 

Skin Tests.—In tabulating the results 
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most properties, together with the fact 
that the manufacturers represented most 
of the oils as being satisfactory for live- 
stock spray bases, indicate lack of agree- 
ment on properties of oil to be used as 
bases for livestock spray. 

The spraying of 5 cc. of the oils on 2 
square feet of the animals failed to reveal 
differences in the oils, except in the case of 
two oils (Table 3). Spraying with 10 cc., 
however, showed marked differences 
among the oils. At that rate of application, 
5 of the 17 oils showed some injury to the 


Table 3.—Skin reaction from seventeen livestock spray oils, arranged in order of unsulphonated 


residue content. (1942 experiments) 








Application Rate 





UnsuL- 


10 cc. per 2 sq. ft. skin area 


5 cc. per 2 sq. ft. 





PHONATED ~ 
Resipue 9th day 


Ou Vis- 
’ ConTENT Observations 


No. COSITY 


2ist day 
Observations 


20th day 


30th day ) 
Observations 


Observations 








(Sec.) : 
32-— Slightly wrinkled 
32-— ‘ OK 


32- ° OK 
34.1 OK 


4 


36 
38.8 
40.6 


"oon #86 0 = 


OK 
Slightly wrinkled 

and sore 
48.2 
49.9 
50.5 


OK 
Slightly thick. 
OK 


Sore & wrinkled 


OK Slightly sore 
OK 


Slightly wrink. 
and sore 


0 
Thickened & sore 
OK 


Quite sore, cracked, OK 


Possibly slightly OK 
wri 


OK Slightly wrinkled OK 
OK Very sl. wrinkled few OK 


flakes 
Sore, cracked some OK 
OK OK 
Quite wrinkled, quite OK 
sore, thickenec 
Very sl. wrinkled OK 
Quite sore & thick. OK 
Possibly sl. sore OK 


Slightly wrinkled OK 
Little wrinkled and OK 


sore 
Slightly harsh 
Quite wrink., sore 
some hair lost 
Wrink. thick. sore. 
Sore, wrink., tight 
and thick 
OK 


OK OK 
OK OK 


OK 
Thick. sl. wrink. 


54.7 
58.1 


R2ee2 ee 
SS wocthesn was & 


69.4 
71.0 


3 


OK OK 
Med. wrink. thick. sl. thick. sl. sore 


Zz 


Thick. med. sore 
Slightly sore 


ow 


72.3 
74.4 


‘ an 
ce ss 


Thick. med. sore sl. wrink. sl. sore 
OK OK 


OK OK OK 


= 
= 


86.0 





of laboratory tests and the effect on the 
skin of cows, the oils were arranged in 
descending order of Saybolt viscosity in 
order to show the general relationship of 
that property to the flash point and the 
distillation test (Table 2). Sixteen of the 
seventeen oils studied ranged in the prop- 
erties tested as follows: specific gravity, 
0.7809 to 0.9042; kinematic viscosity, 1.43 
to 17.22; Saybolt viscosity, below 32 to 
86; flash point, 138 to 360; neutralization 
number 0.003 to 0.045; unsulphonated 
residue, 52.5 to 100; initial boiling point, 
342 to 598; end point, 485 to 741. Oil No. 
5 is not included in the range since it is 
unusual, compared with the others, in 
that the unsulphonated residue was 0.00, 
the specific gravity was higher than any 
other oil, and it did not give a satisfactory 
flash test. The foregoing wide ranges in 


animals’ skin on the 9th day of applica- 
tion, 6 showed some injury on the 2lst 
day, and 15 showed, at least, some harm- 
ful effects on the 30th day. Without excep- 
tion, those oils showing some injury on the 
9th or 21st day caused progressively more 
injury as the period of application was ex- 
tended. On the 30th day, there were 8 oils 
which were noticeably more harmful than 
the other 9. Of the latter, 2 showed no 
harmful effects while the effect from the 
other 7 was slight. Although the effects of 
these 7 oils were slight, consideration 
should be given to the fact that a longer 
test period might have shown more harm- 
ful effects, and also to the fact that more 
sensitive areas of the animals, such as the 
neck, might have shown more injury than 
the areas used for the test. 

As a check on the blanket method used 
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for comparing four sprays on the same 
animal, Oil No. 4 was sprayed on one 
cow at the rate of 30 cc. daily for 25 con- 
secutive days. This oil was selected be- 
cause it represented approximately the 
mid-point in Saybolt viscosity (58.1) and 
unsulphonated residue (87.5) of the oils 
studied. No harmful effects were noted at 
the end of the 25-day period. This sup- 
ports the satisfactory results obtained 
with all the oils but two, when applied at 
the rate of 5 cc. per 2 square feet of animal 
skin. Cognizance should be taken, how- 
ever, of the short period compared with 
spraying all summer and also the desire 
to determine true differences between oils 
through heavier application. 

The end results of the tests should be 
the association of certain properties of oil, 
as shown by laboratory tests, with the 
effects observed on the cows’ skin. Within 
the class of oils involved, the neutraliza- 
tion number and specific gravity appear 
to be of little importance. Flash. point is 
of interest in that it indicates volatility, 
to some extent, and is associated with the 
distillation test and viscosity. The dis- 
tillation test not only reflects volatility 
by the initial boiling point and the end 
point, but the lack of uniformity of the 
range at various temperatures may be 
an indication of a blend of different oils. 
The two properties of oils used for fly 
spray bases which have been generally 
accepted as the most important are vis- 
cosity and unsulphonated residue. Also, 
several writers have suggested an inter- 
relationship of these two properties. Most 
writers have stated that oils with a Say- 
bolt viscosity below 40 are likely to burn 
a cow. The results of this experiment do 
not support these assumptions concerning 
viscosity. Table 3 shows that of the 6 oils 
having a Saybolt viscosity below 40 sec- 
onds, 4 were among the more satisfactory 
from skin results and 2 were among the 
more harmful. Three of these 6 oils had 
Saybolt viscosities below 32, 2 of which 
were satisfactory and 1 quite harmful. Of 
the 11 oils above 40 seconds in Saybolt 
viscosity (ranging from 41 to 86), 5 were 
among the most satisfactory and 6 among 
the most unsatisfactory oils based on the 
skin tests. 

The oils containing 92.5 to 100 per cent 
unsolphonated residue included all the 
most satisfactory oils, with one exception, 
irrespective of Saybolt viscosities (Table 
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3). This one exception might have been 
caused by the favorable reaction of the 
one cow used. Likewise all the oils having 
unsulphonated residues of 87.5 per cent 
or less (ranging from 87.5 to 0.00) gave 
the most unsatisfactory skin reactions ir- 
respective of Saybolt viscosities. 

It is of interest to note the skin reac- 
tions of Oils No. 14, 18 and 13 since the 
manufacturer reported that they were all 
fractions of the same paraffin base crude 
oil. Although they differed widely in sev- 
eral properties, particularly Saybolt vis- 
cosity, flash point and distillation range, 
the unsulphonated residue was practically 
the same (all being high). No noticeable 
difference in skin reaction was obtained. 

The fact that the oils used were ob- 
tained from several companies and repre- 
sented a variety of origins would cast 
doubt in the suggestion that origin is im- 
portant in selecting oils, and emphasize 
laboratory tests as the important consid- 
eration. 

These results contradict the belief that 
low viscosity oils penetrate to the skin 
more readily than higher viscosity oils and 
thereby cause burning. Manufacturers of 
livestock sprays have preferred oils not 
too low in viscosity in order to have more 
lasting repellence because the oils of lower 
viscosity tend to be more volatible (Table 
2). Also, oils too high in viscosity have 
been discriminated against because of the 
tendency to cause gumminess on the hair. 
In recent years some manufacturers have 
attempted to make an all-purpose spray 
having both killing power and repellency. 
Such factors and possibly others would 
need to be considered in selecting a base 
oil for livestock spray but from the stand- 
point of skin reaction Saybolt viscosity 
is not important, provided future work 
substantiates these results. It should be 
mentioned that the results of this experi- 
ment represent only one animal for each 
oil but advantages of comparing several 
oils on the same animal in the method 
used, together with the consistency of the 
results, lends credence to the conclusions. 
More animals sprayed all over, together 
with data on body temperatures and res- 
piration rates, would be needed for each 
oil before final conclusions could be 
reached. Should body temperature rise 
above normal from spraying the entire 
animal, the skin reaction might be more 
severe than would be obtained when only 
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a fifth of the surface area of the animal 
was sprayed. 

Since only 2 of the 17 oils showed harm- 
ful effects on the skin when applied at the 
approximate rate of 100 cc. per animal for 
20 days, the injury caused by oils used in 
present-day livestock sprays may be as- 
sumed to be of minor importance, pro- 
vided the oils tested were typical. Even 
100 ce. per animal is two or three times as 
much as is now recommended. The hazard 
of unfavorable results from excessive or 
improper application over long periods, 
however, must be considered in the selec- 
tion of oils. 

Comparison of the laboratory reports 
on the various oils with claims of the com- 
panies (received by letter) shows rather 
close agreement in most instances (Table 
2). To save space, comparisons are limited 
to Saybolt viscosity, unsulphonated resi- 
due content, flash point and distillation 
range. 

SuMMARY AND ConcLusions.—T'wo 
years results from testing livestock spray 
materials by skin reaction of dairy cows 
are presented. 

Comparisons the first year included a 
widely used commercial livestock spray, 
two widely used base oils, and several 
combinations of toxic ingredients in one 
of the base oils. Each animal was sprayed 
daily for 30 consecutive days at the ap- 
proximate rate of 40 cc. per 1000 pounds 
of live weight. Even the worst skin reac- 
tion was not serious, but noticeable dif- 
ferences were observed. 
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The second year comparisons of 17 base 
oils were made under more controlled con- 
ditions by spraying four selected areas (2 
square feet each) on the same animal with 
four different oils. Applications were at 
the rate of 10 cc. of spray per area (ap- 
proximate rate of 200 cc. per 1000 pounds 
of live weight for entire animal) during the 
first trial and one-half that amount (5 ce.) 
during the second trial. The same area was 
sprayed with the same oil for 30 days. 

The spraying of 5 cc. on 2 square feet 
of the animals failed to reveal differences 
in the oils, except in the case of two oils. 
Spraying with 10 cc., however, showed 
marked differences among the oils. Ob- 
servations taken on the 30th day showed 
that 8 of the oils were noticeably more 
harmful than the other 9. Comparison of 
several properties of the oils with the skin 
reaction resulting from spraying showed 
that the best index of effect on the skin 
was the unsulphonated residue content. 
With one exception, oils containing 92.5 
to 100 per cent unsulphonated residue in- 
cluded all the most satisfactory oils, while 
oils containing 87.5 per cent or less gave 
the most unsatisfactory skin reactions. 
Contrary to published statements, the 
Saybolt viscosity of an oil was not a reli- 
able index of skin reaction in these tests. 

Factors other than skin tests would 
need to be considered in selecting base oils 
for livestock sprays, but these results in- 
dicate the possibility of minimizing harm- 
ful effects to the skin by proper choice of 
oils. —1-10-44, 
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Comparative Toxicity under Barn Conditions of Livestock 


Type Fly Sprays 


made from Various Combinations of 


Toxic Ingredients and Base Oils'* 


F. W. Arxeson, Rocer C 


Toxicity as measured by the percentage 
of flies knocked down and killed by a live- 
stock spray is one of the characteristics 
sought in compounding sprays. The ef- 
fectiveness of spraying as a fly control 
measure in dairy barns is debatable. Fen- 
ton & Gieberdorf (1936) stated that “It 
was noticed by the catch in the fly traps 
that whenever fly spray was used more or 
less regularly, the fly population dropped 
considerably,” but they published no data 
pertaining to this method of control. At- 
keson et al. (1943) concluded that spray- 
ing barns was ineffectual as a control 
measure unless the barns were screened. 
No other data on the effectiveness of 
spraying in reducing fly numbers has 
come to the attention of the writers. 
Measuring the effect of reducing the rate 
of reproduction of flies by the systematic 
use of a killing spray throughout the fly 
season, however, would be difficult be- 
cause obtaining reliable check conditions 
would be a problem. Entomologists uni- 
versally advocate the elimination of breed- 
ing places as the most effective means of 
fly control. Livestock spray is also exten- 
sively used to kill flies which congregate in 
barns. That farmers expect a spray to be 
an effective killing agent was shown by a 
survey representing more than 100 dairy 
farmers, conducted by Murray (1940). 
Among other things, he reported that 
“Practically 100 per cent of the dairy 
farmers expect their livestock spray ‘to 


! See footnote 1, page 419. 

? Contribution No. 155 from the Department of Dairy Hus. 
bandry, and No. 526 from the Department of E ntomology. 

* Associate Professor of Mathematics and Statistician for the 
Kansas Agricultural Experiment Station. 


. Surrn, A. R. BoremMann and H. C 


. Fryer’ 


knock down and kill flies if sprayed di- 
rectly on them. On the part of all those 
interviewed, there was an obvious desire 
for livestock sprays with striking knock- 
down action. They expect to see flies fall 
when they use their livestock spray. They 
also expect the flies to stay down. A num- 
ber of farmers made the observation that 
many times flies recovered after being 
knocked down.” Murray also stated that 
during 5 years of testing insecticides by 
the Peet-Grady (1928) method, he had 
found a variation from 70 to 95 per cent 
in knockdown and from B to AA standard 
(United States Department of Commerce 
1938) in kill. He concluded that “It is in- 
dicated that any livestock spray should 
have at least the knockdown and kill of 
the Official Test Insecticide when tested 
under parallel conditions’ and that— 
“There is also indicated a need for more 
attention to the base oil used, a major 
factor in knockdown and kill.” 

Toxicity as measured by knockdown 
and kill is only one of the desirable char- 
acteristics of an effective livestock spray. 
Other important characteristics are repel- 
lent effect, physiological effect on cows 
and physical properties of the spray. No 
official method for testing any of these 
characteristics of livestock sprays has 
been adopted. The Peet-Grady test, how- 
ever, has been adopted as the official 
method for testing household type fly 
sprays (United States Department of 
Commerce 1938). Nelson (1941), in re- 
porting for the cattle spray test committee 
before the National Association of Insec- 
ticides and Disinfectant Manufacturers, 
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stated that “The laboratory methods for 
evaluating toxicity are not satisfactory.” 
His review showed that the Peet-Grady 
method, or slight variations thereof, had 
been used for testing toxicity of livestock 
sprays. 

Eagleson (1940) reported that ‘“—the 
best commercial sprays do not kill house 
flies and stable flies around barns and 
sheds but do fairly well on horn flies 
(around Dallas, Texas).”” He further 
stated that “Doubtless many of the com- 
mercial livestock sprays now on the mar- 
ket give a satisfactory kill in chamber 
methods designed for testing household 
sprays. In view of the unsatisfactory re- 
sults obtained with these sprays in barns 
and sheds, however, it seems that chamber 
and settling-mist techniques may not be 
entirely appropriate for evaluating lire- 
stock sprays.” 

Sherrick (1940) in discussing standards 
for livestock sprays stated “The desir- 
ability of some standardized testing pro- 
cedure for adequate grading of cattle 
sprays becomes evident when a critical 
survey of those available on the market is 
made. From our own observations and the 
work of others we must conclude that 
many of them have been haphazardly for- 
mulated. It would seem that in many 
cases cattle sprays have been formulated 
without any special study of the problem 
and assuming that information obtained 
in work with household insecticides is di- 
rectly applicable to such cattle sprays.” 

The experiments herein reported repre- 
sent comparisons of the toxic effect of 16 
sprays when used in a modern dairy barn. 
The sprays studied were two extensively 
used commercial livestock sprays and 14 
sprays of known composition. Of the lat- 
ter, water was used as the base for one 
spray and oil for the others. Six oils, vary- 
ing in chemical, physical or both proper- 
ties, were compared with varying amounts 
and combinations of six toxic ingredients 
added. 

Review or Lirerature.—The accept- 
ed test for household spray was first de- 
scribed by Peet and Grady (1928) and 
was Officially adopted in 1937 with some 
modifications by the Bureau of Standards, 
United States Department of Commerce 
(1938). Latest published directions for 
this technique may be found in the Blue 
Book of MacNair-Dorland Company 
(1942). This test has also been used to 
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compare livestock sprays, because of the 
lack of an official method for testing toxic- 
ity of livestock sprays. 

Pearson (1935) was among the first in- 
vestigators to use this method to study 
livestock sprays. Working with sprays of 
known composition, he found that the 
addition of pine oil increased the toxicity 
of sprays made from pyrethrum and oil. 
Similar results were obtained when pine 
oil was added to sprays made from derris 
or rotenone and oil. The killing power of 
sprays made from aliphatic thiocyanate 
and oil, however, was not improved by 
the addition of pine oil. Differences were 
found in the effectiveness of different pine 
oils tested. The pine oils were more toxic 
in sprays made fron low viscosity oils (30 
to 35 seconds) than in those made from 
high viscosity oil (85 seconds). 

Murphy & Vandenburg (1936) used 
the Peet-Grady test in comparing several 
concentrations of Lethane 384 in base oil 
with several concentrations of pyrethrum 
in base oil, several concentrations of rote- 
none in base oil, and mixtures of Lethane 
and pyrethrum in base oils. Their data 
showed that 1 per cent of Lethane caused 
98 per cent knockdown in 10 minutes 
which was equal or better than 1 pound of 
pyrethrum per gallon, or than 0.1 per cent 
of rotenone. Two per cent of Lethane was 
equal in killing power to 1 pound of pyreth- 
rum in a gallon. A mixture of 2 per cent 
of Lethane and 0.5 of a pound of pyreth- 
rum per gallon gave better knockdown 
and equal or better killing power than 
pyrethrum at the rate of 1 pound per gal- 
lon. Their results indicate that Lethane is 
much superior to the other compounds in 
knockdown but not so much different in 
kill at the concentrations usually used for 
each compound. 

Pierpont (1939) used the Peet-Grady 
chamber method to measure the effect of 
adding ethylene glycol ether of pinene 
(D.H.S. Activator) to sprays made from 
various concentrations of pyrethrum in 
base oil, and various concentratiéns of 
rotenone in base oil. He concluded that 
the ethylene glycol ether of pinene caused 
an increase of 10 per cent in killing power 
for each 2.5 per cent added to pyrethrum 
sprays, and 5 per cent in killing power 
for each 2.5 per cent added to rotenone 
sprays. The knockdown time was also 
reduced. 

Eagleson (1938) reported data showing 
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that stable flies were much more easily 
killed by a household type spray than 
were house flies. He used a large vault 
(approximately 1000 cubic feet of space) 
4.66 times as large as the Peet-Grady 
chamber and the rate of spray per cubic 
feet of space was approximately the same 
as used in the Peet-Grady test. 

Prentiss & Company (1936) compared 
_8 commercial livestock sprays by the 
Peet-Grady method and found that they 
varied from 25 to 95 per cent in knock- 
down at the end of 10 minutes, and from 
22 to 90 per cent in kill at the end of 24 
hours. With one exception, the sprays 
ranked in the same order of knockdown, 
kill, and repellency. The best spray in 
these characteristics also ranked best in 
physiological reaction on laboratory ani- 
mals but there was much more inconsist- 
ency in this characteristic of the sprays. 
In commenting on the use of the Peet- 
Grady test with livestock spray they 
stated ““When the Peet-Grady test is used 
for the evaluation of livestock sprays, the 
results should be weighed with full allow- 
ance made not only for the inherent in- 
accuracies of the method but for the fact 
that results are relative rather than abso- 
lute and that the chief function of the test 
is to make a relative comparison of sev- 
eral sprays at the same time and under 
idential conditions. Due regard must be 
kept for the fact that these conditions bear 
little or no resemblance to those under 
which the spray is actually used.” 

Eagleson (1940) commented on the 
probable widely differing results from 
the controlled chamber and the results 
obtained in a ventilated barn where it 
would be unfeasible to close it tightly. He 
stated “It has been observed that with 
certain toxicants the percentage of mor- 
tality of sprayed house flies is consider- 
ably less where ventilation is good than in 
poorly ventilated places. Furthermore, 
the period of paralysis of flies not receiv- 
ing a lethal dose is much shorter if the flies 
are well aerated. It is well known that 
house flies can be rendered torpid and yet 
recover from both pyrethrum and _ thio- 
cyanate sprays.” 

‘ord (1941) discussed the difficulties of 
simulating conditions of the Peet-Grady 
chamber when spraying homes and barns 
because of the problem of tightly closing 
such buildings for sufficient time. He 
reported one laboratory as finding that 
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the same results were obtained by using 
44 cc. of a household spray per 1000 cubic 
feet of space in a room having slightly 
more than 600 cubic feet of space as was 
obtained with the same spray in the Peet- 
Grady chamber when the standard amount 
of 55 ec. per 1000 feet of cubic space was 
used. It was stated that “This amount 
goes down even further in larger rooms, 
apparently due to the decrease in actual 
square footage of wall surface in relation 
to the amount of cubic feet of space in- 
volved.- This may be due to wall absorp- 
tion of the spray materials which runs 
much higher in the smaller rooms.” 

The results obtained by Atkeson et al. 
(1943) support these findings. They re- 
ported that 27 cc. per 1000 cubic feet of 
space (one-half Peet-Grady standard) was 
all that could be used satisfactorily in 
spraying a barn containing 11,500 cubic 
feet with livestock spray without causing 
the floors and equipment to be excessively 
oily and slippery. They also found some 
difficulty in developing a satisfactory fog 
with sprays made with base oils having 
less than 50 seconds viscosity. They re- 
ported results from using 3 extensively 
used commercial livestock sprays and 5 
sprays of known composition made 
from 50 Saybolt viscosity oil and differ- 
ent concentrations and combinations of 
toxic ingredients. The sprays differed 
more in killing power than in knockdown. 
Some of the sprays better in knockdown 
were among the less effective in killing 
power. Some sprays were effective in both 
knoekdown and kill. 

Veach & McCauley (1941) reported a 
new type of insecticide dispersing ma- 
chine which is especially adapted to ef- 
fective spraying of barns. The undiluted 
insecticide was gradually dropped onto a 
hot plate, resulting in a much better fog 
than was obtained when the toxicants in 
base oils were sprayed with other types of 
sprayers. They reported high efficiency in 
kill when 7.5 cc. of insecticide was used 
per 1000 cubic feet of space in a barn con- 
taining 35,000 cubic feet. Twelve barn 
tests were conducted with different toxi- 
cants but detailed data were not reported. 

No published data on comparisons of 
livestock sprays under barn conditions 
has come to the attention of the writers, 
except the above mentioned reports of 
Atkeson et al. (1943) and of Veach & 
McCauley (1941). 
































June 1944 


EXPERIMENTAL.—The trials were con- 
ducted in a modern dairy barn during 
July, August, and September 1942. The 
barn used contained $ box stalls and cat- 
tle were kept in the barn during the tests. 
The volume of the barn was approximate- 
ly 11,500 cubic feet. An overhead spraying 
system was constructed so that 4 nozzles 
would be spaced about 11 feet from the 
walls near the ceiling and could be oper- 
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a short time before each trial by collecting 
them with a sweep-net in another barn. 
All the flies were house flies. 

During each spraying, 300 cc. of spray 
was used and the barn was kept closed for 
30 minutes. Thus the spray used was at 
the rate of 1 cc. per 36 cubic feet of space, 
or 27 ce. per 1000 cubic feet, which is ap- 
proximately one-half the rate prescribed 
for the Peet-Grady test. Previous investi- 


Table 1.—Comparison of several sprays in effectiveness of knockdown and kill when used in a 


barn. (Average of 3 trials, 6 cages per trial) 








Per Cent Knocxpown 


Per Cent Ran« or Sprays tN 








fe. AFTER SprRaYine Ceasep* Mortauity Knockpown snp KiLi 
No.! 
Composition Toxicant Om Firs 5 Minutes 30 Minutes 24 Hours Knockdown’ _ Kill 
57 of 20:1 Conc. of thrum Al 80 80 78 25 12 13 
24% of 20:1 Conc. of Pyrethrum A 106 63 62 21 15 16 
5% ‘of 20: 1 Cone. of Pyrethrum 
plus 5% “D.H.8 bP 92 100 99 81 1 1 
3.75% of 20: 1 Cone. of Pyrethrum 
lus 5% “D. H.S.” E 126 98 96 77 3 2 
24% of 20: Sw of Pyrethrum 
plus 5 D. H. 8.” E 91 82 73 56 13 7 
2.5% of 2: 1 Cone. 7 Pyrethrum 
plus 1.75% K 112 B 115 68 69 24 “4 4 
4°% Lethane 384 A 77 96 95 22 6 15 
3% Lethane 384 plus 2% Lethane 
Speci al E 98 98 S4 35 5 ll 
2% _ 384 E 139 90 86 35 10 ll 
2% Lethane 384 E, (48%) 137 96 97 42 4 8 
F, (50%) 
3% Thanite B 117 mM 92 76 8 3 
3% Thanite Cc lll 98 98 76 2 3 
3% Thanite D 116 95 93 63 7 6 
3% Thanite Water 74 86 82 42 ll 8 
Commercial Spray 102 90 87 38 9 10 
Commercial Spray 68 54 41 65 16 5 





1 Average number of flies per cage in 6 cages. 
2 Ten minutes required for spraying. 


3 Based upon the average of 5 minute and 30 minute knockdown figures. 


Definitions: 


Lethane 384—50% N- butyl carbitol thiocyanate by volume standardized with kerosene—U. S. Pat. No. 1,808,893. 


Lethane Special—12.5% 


standardized with kerosene—U. 8 S. Pat. No. 2,220.5 


Kii27—A_ synthetic toxicant Beta—(2, 4,5 ne EE Beta-chlorodiethylether—U.S. Pat. 


2,205, 394. 


N-buty] carbitol thiocy conte a= 87.5% 


> Beta thiocyanate ethy] esters of aliphatic fatty acids by volume 
Nos. 2,205,393 and 


Teeniie Secondary terpene-alechel thiocyanyl acetate—U.S. Pat. Nos. 2,209,184 and 2,217,612. 


D.H.S. Activator— 


ated simultaneously by a Rabson Broth- 
ers Compressor. Even with this arrange- 
ment about 10 minutes were required to 
spray the barn. All doors and windows 
(metal casement type) were closed during 
the spraying period but no attempts were 
made to close inlets or outlets of the stand- 
ard ventilating system. 

Six fly cages made of 14 mesh screen 
were hung 4 feet from the floor and 30 
inches from the wall, 3 equally spaced on 
each side of the barn. The position of each 
cage was recorded and the cages were 
shifted at random. Each cage was 12 
inches high, 12 inches wide and 5 inches 
deep, having a capacity of 0.42 cubic feet. 
A known number of flies were placed in 
each cage. The flies used were obtained 


ne glycol ether of pmmene—U.S. Pat. Nos. 2,136,011 and 2,160,579. 


gations (Atkeson ef al. 1943) had shown 
that this amount of spray was most satis- 
factory for spraying barns. Five minutes 
and 30 minutes after spraying ceased, the 
number of flies “down” in each cage was 
recorded. These periods were selected to 
determine initial knockdown because the 
previous work had shown practically no 
difference between 5 and 10 minute 
counts but the effect of counts made after 
longer intervals than 10 minutes was not 
determined. 

After the knockdown counts were 
made, the cages were removed to another 
building where no spraying had been 
done. Cotton soaked in a solution of sugar 
and water was placed in each cage. 
Twenty-four hours after spraying, the 
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numbers of dead and live flies were re- 
corded. Flies which could fly out an open- 
ing in the cage were counted as live flies, 
and those which could not were considered 
dead for all practical purposes, whether 
dead or moribund. Peet-Grady test con- 
ditions require flies of prescribed ages, but 
several checks’ to determine the number 
of flies used in this experiment which died 
from old age when not sprayed showed 
only about 1 per cent, which is less than 
Peet-Grady requirements. 

The procedure differed from the pre- 
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All data were transformed by the are sine 
transformation to determine the differ- 
ences between sprays. 

Comparison of knockdown percentages 
after 5 minutes and 30 minutes showed 
practically the same results at the two 
periods, which is in agreement with the 
previous year’s data when 5 and 10 min- 
ute periods were compared. In fact, 10 of 
the sprays ranked in exactly the same 
order at the 5 minute and 30 minute 
counts and the differences in rank of the 
other 6 sprays was the result of such slight 


Table 2.—Properties of Oils Used' 








Branpns on Tyres or Ous Testep 








Oil A B Cc D E F 
Specific Gravity 60° F. 0.8275 0.8493 0.8488 0.8519 0.7809 1.0057 
Viscosity gy (ASTM D445-39T) 4.05 13.74 1.43 9.80 1.69 3.06 
Centistokes 1 
Equivalent Say bolt Viscosity 
Seco! 39.3 72.4 32— 58.1 32— 36.2 
Flash Point, Pensky- Martens 
(ASTM D39-36) °F. 260 275 138 305 164 2652 
Neutralization Number 
(ASTM D188-41T) % 0.50 0.014 0.017 0.045 0.006 0.011 
Unsul ted Residue 
(ASTM D483-40) % 88.0 84.0 52.5 87.5 99.0 0.00 
Distillation Test cas D158-41) 
LB 506 520 348 560 392 490 
7 526 550 880 600 408 506 
10% 533 555 386 609 409 508 
20% 539 560 393 619 412 511 
30% 543 577 398 — 620 416 513 
0% 548 585 403 636 419 516 
50% 552 596 407 645 423 518 
60% 556 610 413 658 428 522 
70% 561 628 420 672 434 526 
80% 569 650 430 690 441 532 
90% 577 660 +47 712 452 543 
95% 586 cracked 464 728 463 551 
EP. 590 512 738 488 582 





1 Laboratory tests made in laboratory of Kansas State Hi 


hway Commission. 


2 Cleveland Open Cup (ASTM D92-33)°F. This sample did not give a satisfactory flash point in the closed cup. 


vious work in the type of cages used, and 
in the more accurate method of determin- 
ing the number of “down” flies that re- 
covered. 

Three replications were made of each 
test but on different days with varying 
intervals between replications. Compari- 
son of sprays would have been under more 
similar conditions had all tests been con- 
ducted on the same days but this was not 
feasible, and one of the main objectives 
of the entire experiment was to test the 
sprays under barn conditions. 

Resutts.—Descriptions of the sprays 
studied and their relative efficiency in 
knockdown and kill are shown in table 1. 
Detailed information on some properties 
of the oils used is presented in table 2. As 
in the case of the Peet-Grady test, the 
results from the different sprays should be 
considered relative rather than absolute. 


differences in knockdown efficiency that 
the differences in rank were due to chance. 
These results indicate that counts of 
knockdown need not be made later than 5 
minutes after spraying ceases, when com- 
paring the efficiency of sprays used in 
barns. Discussion of knockdown efficiency 
of sprays will be based on the averages 
of the results at the 5 and 30 minute peri- 


s. 

The 16 sprays varied widely in knock- 
down efficiency. No spray, however, 
showed a significant difference in knock- 
down efficiency from the spray ranked just 
above or below it, but very highly signifi- 
cant differences exist between the higher 
and lower ranking sprays. The top 5 
sprays were equal since the differences be- 
tween them were not significant, the rela- 
tive rank being due to chance. Likewise, 
the differences between the sprays ranking 
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fourth to eighth inclusive were not sig- 
nificant, but the difference between the 
five top-ranking sprays and those ranking 
ninth or lower was highly significant. In 
other words, the odds were 99.1 that the 
differences were not due to chance. 

Although the various combinations of 
toxic ingredients and oils do not make it 
possible to study each oil with each com- 
bination of toxicants as a variable of each 
toxicant combination with each oil as a 
variable, nevertheless, the following gen- 
eral conclusions seem justified. Pyrethrum 
in concentrations up to 6 per cent of a 20 
to 1 concentrate was generally the poorest 
toxicant in knockdown efficiency. The 
addition of 5 per cent D.H.S. Activator 
to the pyrethrum sprays greatly improved 
them in knockdown, those having 3.75 
per cent or more of a 20 to 1 concentrate 
of pyrethrum plus 5 per cent of D.H.S. 
Activator being equal to the best. Lethane 
and,|Thanite were among the better toxi- 
cants in knockdown, varying somewhat 
according to the concentration and the 
type of oil or other materials used with 
them. Thanite in water was significantly 
less efficient than any of the three Thanite 
and oil sprays, but was significantly bet- 
ter than several other oil base sprays. Of 
the two commercial sprays tested, one 
ranked last and was significantly lower 
than all other sprays except the one listed 
just above it. The other commercial spray 
ranked about at the mid-point in effi- 
ciency among the sprays tested. 

Even less positive conclusions can be 
drawn regarding the effect of the various 
types of oils used. Considering the group 
of sprays, the oils having the lowest Say- 
bolt viscosity seemed to be most satis- 
factory in knockdown. Effects of other 
properties of the oils are not indicated, 
although there is some evidence to sup- 
port the assumption that the unsulpho- 
nated residue does not affect knockdown 
efficiency of a spray. These general state- 
ments are supported by the rank of three 
sprays made with 3 per cent Thanite in 3 
oils (B, C, and D, Table Il) varying con- 
siderably in their properties. 

The 16 sprays varied almost as widely 
in killing power as in knockdown effi- 
ciency. The four top ranking sprays are 
equal, any difference in rank being a mat- 
ter of chance according to statistical anal- 
ysis. Differences in rank between any 
one spray and the spray just above or be- 
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low it is not significant, with two excep- 
tions. The first 4 sprays are significantly 
better than the next 3, and these 3 are 
significantly better than the other lower 
ranking sprays. Differences between in- 
dividual sprays among the lower ranking 
sprays and those among the top ranking 
sprays are very highly significant. In other 
words, the odds are 999 to 1 that these 
differences in percentage of kill are not due 
to chance. 

Again, absolute conclusions are ham- 
pered by variations in combinations of 
toxicants and oil but, based on statistical 
analysis of percentage kill, the following 
statements regarding toxic ingredients 
seemed justified. Pyrethrum ranked low 
in killing efficiency, but when fortified 
with 5 per cent of D.H.S. Activator it was 
among the best when 3.75 or more of 
pyrethrum was used. Although Lethane 
had been among the best in knockdown 
efficiency, it was among the least efficient 
in killing power. When used in the same 
oil as pyrethrum, it was not significantly 
better than the pyrethrum sprays. Sub- 
stituting a special oil (Oil F) for 50 per 
cent of a satisfactory base oil, when 2 per 
cent Lethane was used, did not significantly 
improve the killing power of the spray. 
Thanite was among the best in killing 
power of any single toxicant used in base 
oil. Two of the four best sprays were 
Thanite (3 per cent) in two different oils. 
The superiority of Thanite in three differ- 
ent oils over the same concentration (3 
per cent) of Thanite in water was very 
highly significant, the odds being 999 to 1 
that true differences existed. The supe- 
riority of Thanite in water compared with 
the four lowest ranking oil base sprays, 
however, was highly significant (odds 99 
to 1). 

One of the commercial sprays ranked in 
the second best group in killing power but 
it had ranked last in knockdown efficiency. 
The other commercial spray ranked 
among the least efficient sprays in killing 
power and had also ranked among the 
least efficient in knockdown. These two 
sprays are among the most extensively 
used commercial sprays on the market. 

From the data available, it is doubtful 
whether conclusions are justified regard- 
ing the effect of oil properties on the kill- 
ing efficiency of a spray. Among the four 
better sprays equal in killing power, the 
base oil varied in Saybolt viscosity from 
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$2 seconds to 72.5 seconds, and in unsul- 
phonated residue from 52.5 to 99. When 
three different oils containing 3 per cent 
Thanite were compared, two of them vary- 
ing in Saybolt viscosity from 32- to 72.5 
seconds were equal and among the best 
of all sprays tested while the third oil had 
a Saybolt viscosity of 58 seconds and 
ranked in the second best group for kill- 
ing power. Murphy & Peet (1934) have 
reported that the killing power of an in- 
secticide varies inversely with the vis- 
cosity. Since both the better and poorer 
sprays involved base oils both high and 
low in unsulphonate dresidue, this prop- 
erty of oil was probably not an impor- 
tant factor in killing power. 

Two of the oil bases were not only quite 
irritating to the nose and eyes of the oper- 
ator but to other persons who came into 
the barn during the spraying operation. 
That this irritation was probably caused 
by the type of oil used is shown by the 
fact that when the same toxicants used 
and in the same concentrations with 
other types of oils the sprays were not ir- 
ritating. Oil C was one of the oils involved, 
while the mixture of Oil E and Oil F was 
the other. The latter mixture was much 
worse than the former, even causing the 
cows to cough. That the Oil F was the 
irritant in this mixture is indicated by the 
fact that Oil E when repeatedly used with 
the same or different toxicants did not 
have any noticeable irritating effect. The 
data available do not permit conclusions 
regarding the properties of the oils asso- 
ciated with the irritation. The results, 
however, do indicate that this factor 
should receive consideration in selecting 
base oils for use in compounding livestock 
sprays. 

Three of the 4 best sprays in kill were 
also among the 5 best sprays in knock- 
down, and 8 of the 4 poorest sprays in kill 
were among the 4 poorest sprays in knock- 
down. Others varied widely in relative 
rank for knockdown efficiency and killing 
power, depending on the spray mixtures 
involved. Previous work with at least 
some of the better spray mixtures has 
shown that the same mixtures are highly 
efficient in repellency (Shaw et al. 1943), 
and satisfactory from the standpoint of 
effect on the cows’ skin (Atkeson ef al. 
1943). Three per cent Thanite in base oil 
and 3.75 per cent or more of 20:1 pyreth- 
rum concentrate plus 5 per cent D.H.S. 
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Activator in base oil have both proven 
satisfactory from all points of view. Thus, 
it is encouraging to note that the different 
requirements of a good spray are not nec- 
essarily contradictory to each other in 
types of materials needed, and by proper 
use of good materials in the proper pro- 
portions an entirely satisfactory spray 
can be compounded. 

The importance of a lethal dosage at 
the time of knockdown has been men- 
tioned earlier in this paper. All the sprays 
resulted in a higher percentage of knock- 
down than in percentage of kill of those 
flies knocked down. Practically all the 
knockdown was accomplished in 5 min- 
utes after spraying ceased, with all the 
sprays studied. These results indicate 
that percentage of kill is a better measure 
of the toxicity of a livestock spray than is 
the percentage of knockdown. 

SUMMARY AND CoNCLUSIONS.—Sixteen 
livestock sprays were compared for rela- 
tive toxicity when used in a dairy barn. 
The sprays included 2 commercial sprays 
and 14 of known composition, all consist- 
ing of various combinations of base oils 
and toxic ingredients except one in which 
water was used as the base. The barn 
contained approximately 11,500 cubic 
feet of space and each spray was used at 
the rate of 1 cc. per 36 cubic feet, approxi- 
mately half the amount prescribed for the 
Peet-Grady test. All data on knockdown 
and kill of flies were transformed by the 
are sine transformation to determine 
differences between sprays. The following 
conclusions seemed justified : 

1. No significant differences existed 
between knockdown counts taken at 5 
minutes and at 30 minutes after spraying 
ceased, indicating that in barn spraying 
tests knockdown counts need not be taken 
after 5 minutes. 

2. The 16 sprays varied widely in 
knockdown efficiency. The top five sprays 
were equal since differences between them 
were not significant. Highly significant 
(odds 99:1) differences existed between 
the better and poorer sprays. 

3. Lethane and Thanite were among the 
best toxicants in knockdown. Thanite in 
water was significantly poorer than Than- 
ite in oil, but better than some of the other 
oil base sprays. Pyrethrum was the least 
efficient in knockdown, but when fortified 
with D.H.S. Activator it was among the 
best in concentrations of 3.75 per cent or 
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more of a 20 to 1 concentrate. One of the 
two commercial sprays ranked last and 
the other about mid-point among the 
sprays in knockdown efficiency. 

4. There was some indication that oils 
of low viscosity were superior in knock- 
down effect to those of higher viscosity, 
but comparisons available did not justify 
definite conclusions. 

5. The 16 sprays varied almost as 
widely in killing power as in knockdown 
efficiency. The 4 top ranking sprays were 
equal, they being significantly better than 
the next 3, and these 3 sprays were signifi- 
cantly better than those ranking lower. 

6. Thanite was the best in killing power 
of any single toxicant used in base oil. 
Thanite in water was much less efficient 
but the difference between it and the 4 
lowest ranking base oil sprays was highly 
significant. Pyrethrum and Lethane were 
among the least efficient toxicants in kill- 
ing power, but when D.H.S. Activator was 
added to a pyrethrum spray containing 
3.75 per cent or more of a 20 to 1 concen- 
trate the pyrethrum sprays ranked among 
the most efficient. One of the commercial 
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sprays ranked in the second best group in 
killing power while the other was among 
the least efficient. These two sprays were 
in reverse order in knockdown efficiency. 

7. Differences existed in the results ob- 
tained with sprays made from different 
base oils but the data available do not 
justify definite conclusions regarding which 
oil properties caused the differences. Two 
of the oils used were apparently respon- 
sible for the sprays being quite irritating 
to the eyes or nose of the operator, indi- 
cating the need for consideration of such 
characteristics in the selection of oils for 
use in livestock sprays. 

8. Three of the 4 best sprays in kill 
were among the 5 best sprays in knock- 
down, and 3 of the 4 poorest sprays in kill 
were among the poorest in knockdown. 
Others varied widely in relative rank for 
kill and knockdown. 

9. The results indicate the importance 
of a lethal dosage at the time of knock- 
down and indicate that percentage of kill 
is a better measure of the toxicity of a 
livestock spray than is the percentage of 
knockdown.—1-10-44. 
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Biology of the Cattle Biting Louse and Notes 
on Cattle Sucking Lice™ 


Joun G. Marruysse, Cornell University, Ithaca, N.Y. 


Very little detailed work has been done 
on the biology of the four species of lice 
infesting cattle in the United States. 
Craufurd-Benson (1941) published a com- 
plete life history of Haematopinus eury- 
sternus (Nitzsch). Blagovestchensky & 
Serdukov (1935) determined the life his- 
tory of H. tuberculatus (Burm. the buffalo 
louse, which sometimes attacks cattle. 
There had been no detailed work on the 
biology of Rovicola bovis (L.), Linogna- 
thus vituli (L.), and Solenopotes capillatus 


capillatus, 9 to 18 days, but somewhat 
longer for Haemotopinus eurysternus, from 
10 to 16 days. The data agree very well 
with that of Craufurd-Benson (1941), 
Imes (1925), Babcock & Cushing (1942), 
and Bishopp (1921). Lamson (1917) pub- 
lished data on H. eurysternus and L. vituli 
but the results do not agree with those of 
other workers or with the results of these 
investigations. 

Previously there had been almost no 
information on the biology of Bovicola 


Table 1.—Sucking lice life history data, Ithaca, N. Y. 1942-43 























OviposITIion 
IncuBATION Pertiop Rate 
NUMBER — 

SPECIES or Eacs Average Maximum Minimum Eggs per Day 
Haematopinus eurysternus 12 13 16 10 1-2 
Linognathus vituli 27 11 13 9 1 
Solenopotes capillatus 5 11 13 9 1-2 





Enderlein, the three other species of cattle 
lice. 

In this work the life history of Bovi- 
cola bovis has been investigated fairly 
thoroughly, and notes are added on the 
life histories of cattle Anoplura. 

Two methods were used in the life his- 
tory studies. The sucking lice were reared 
on heifers kept under normal winter barn 
conditions. The biting louse was reared 
under artificial conditions of constant 
temperature and humidity off the host, 
and checked by rearing on the host. It was 
not found possible to rear sucking lice off 
the host. 

For rearing on the host, circles were 
shaved on the backs of heifers, leaving a 
tuft of hair surrounded by smooth skin. 
In no case was it possible to obtain life 
cycle data on any of the sucking lice, 
but oviposition rates and incubation 
periods were obtained for all species. 

The incubation period is about the same 
for Linognathus vituli and Solenoptis 


1 This is a report on an investigation carried on by the De- 
partment of Entomology, of the New York State Col of 
Agriculture under a fellowship ag tomy by the Agricultural 
popetneat of the Texas Gulf Sulfur Company, Houston, 
exas. 
* Eastern Branch Program, 1943. 


bovis, the cattle biting louse. Lamson 
(1917) noted a cycle from egg to egg of 
19 to 21 days, but admits his data for this 
species to be none too accurate. In the 
investigations reported on here the life 
history was worked out completely by 
rearing off the host at several different 
constant temperature and humidity con- 
ditions. The lice were maintained and fed 
on cattle hair supplemented with dried 
brewers’ yeast. Small stenders, 30 mm. in 
diameter and 35 mm. deep were used for 
confining the lice. Fresh hair was placed 
in the stenders, yeast sprinkled on, a 
known number of adult female lice intro- 
duced, then a circular piece of Bristol 
board put on top of the hair to press it 
down. A series of such stenders were pre- 
pared and kept in petrolatum sealed bat- 
tery jars over saturated salt solutions to 
maintain constant humidity. The battery 
jars were kept in a constant temperature 
cabinet, constant to plus or minus 1.5°F. 
The stenders were examined every day, 
and often, at critical times, twice a day. 
All eggs were removed to smaller Plant 
Industry type watch glasses and hair, 
yeast, and bristol board cover added. 
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Similarly nymphs were separated as they 
hatched and moulted until adults were 
obtained. Tables 2, 3, and 4 give the 
duration of stages at the various tempera- 
ture and humidity conditions under which 
the lice were reared. 

The optimum temperature and humid- 
ity appeared to be in the neighborhood of 
95°F and 75 to 84 per cent relative hu- 
midity. Under these conditions lice were 
reared through two generations over a 
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star. The most marked effect of 100°F 
on the biology of Bovicola bovis was its 
effect on egg laying. When adult females 
were removed from host animals and 
placed at 100°F, egg laying proceded at a 
fairly normal rate for 2 or 3 days, then 
dropped to one to two eggs per day for 30 
females for 2 or 3 days, then ceased com- 
pletely. It is apparent from this considera- 
tion and the high mortality in develop- 
ment that B. bovis cannot maintain popu- 


Table 2.—Life history of Bovicola bovis. Stage duration and hatchability at 90°F and various rel- 


ative humidities, Ithaca, N. Y.—1942—43 

















Revative Humipiry 92 84+ 75 61 
(Per Cent) (KNO;)! (KC.)! (NaC)! (CoCt,)' 
Days and Hours 
Max. 10— 4 10-19 1l- 2 
Egg Min. None hatched 8-19 6-22 8-1 
Av. 9-17 9-11 9-20 
Max. None moulted 12-4 None moulted 
Instar 1 Min. to 2nd instar 9-17 to 2nd instar 
Av. 10-23 
Max. 14- 5 
Instar 2 Min. 8- 5 
Av. ll- 9 
Max. ll 
Instar 3 Min. 9 
Av. 10— 6 
Max. s 
Preoviposition Min. 7 
Av. 7-12 
Max. 44 
Cycle, egg to adult Min. 38 
Av. 42 
Per Cent Hatching 0 24 60 32 
Maximum adult longevity 
(days) 8 22 21 25 
Average number of days for 
1 female to lay 1 egg 4.3 5.3 3.7 3.4 





1 Saturated solution for maintenance of constant humidity. 


period of two months completely in the 
absence of any host animal. Sixty-one lice 
were reared from egg to adult. A tempera- 
ture of 90°F was too low for successful 
rearing. Only four adults were obtained 
from a large number of eggs. The cycle 
was much prolonged, requiring 16 days 
more than at 95°F. A temperature of 
100°F was too high for successful rearing. 
Only one adult was obtained from a large 
number of eggs. Most individuals died in 
the process of hatching or in the first in- 


lations at 100°F. The cycle was not shorter 
at 100°F than at 95°; it was very close to 
the average cycle at 95°. 

At 95° the optimum humidity range lies 
near 75 to 84 per cent relative humidity. 
At 84 per cent relative humidity the 
hatching percentage of eggs laid is very 
high, but the duration of stages is pro- 
longed over that of lower humidities. 
There is a definite tendency for Bovicola 
bovis to mature faster at lower humidities. 
At 91 per cent relative humidity the 
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are somewhat prolonged. In a saturated 


atmosphere all adults died within three 


days. 


relative humidities, Ithaca, N. Y.—1942-—43 
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stages are much prolonged over those of 
60 or 75 per cent relative humidity, while 
the stages at 84 per cent relative humidity 
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well with the cycle observed under the 
best conditions off the host. 

The normal method of reproduction is 
parthenogenesis. In numerous instances 
females reared from eggs in total isolation 
deposited viable eggs that hatched to 


Table 3.—Life history of Bovicola bovis. Stage duration and hatchability at 95°F and various 


—— 




















Re.ative Homipiry 91 84 75 60 
(Per Cent) (KNO;)! (KCt)! (NaC)! (CoC)! 
Days and Hours 

Max. 10-10 9 7 o- 7 

Egg Min. 7 6-2 5-16 6-15 
Av. 8 5 7-15 7-20 7-19 
Max. 13-13 9-17 10- 8 7-17 

Instar 1 Min. 8-22 5- 4 5- 1 4-5 
Av. 9-23 7-5 6-19 5-19 
Max. 10-15 9 9 10-11 6-5 

Instar 2 Min. 6— 3 4-20 3-19 3-8 
Av. 8-18 6-20 5-4 5- 8 
Max. 14-7 8-20 6-21 

Instar 3 Min. 5-23 4-2 5- 5 
Av. 12-13 8-12 5-20 §-21 
Max. 8-11 4-0 3-20 

Preoviposition Min. No eggs laid 4-19 2-18 2-22 
Av. 6-17 3-12 3-10 
Max. 36-23 $2-— 2 26-16 

Cycle, egg to adult Min. 27-4 23- 3 22- 0 
Av. 38-15 30-10 26-— 2 24-8 

Maximum adult longevity 32 27 42 20 

Average number of days 2 1.5 1.5 2 

for 1 female to lay 1 egg 
Per Cent Hatching 19 93 59 69 





1 Saturated solution for maintenance of constant humidity. 


The probable cycle of Bovicola bovis in 
the winter can be approximated from the 
laboratory rearing data and skin tempera- 
ture readings on the host as follows: 
egg—8 days, instar I—7 days, instar II— 
5.5 days, instar III—6 days, preoviposi- 
tion period—8 days, and complete cycle, 
egg to egg—29 days. 

In two instances successful rearing of 
Bovicola bovis on the host in small areas of 
hair isolated by glass circles was accom- 
plished. Large numbers of adult females 
were introduced, then removed after 24 
hours when many eggs had been laid. 
No observations were possible on the 
duration of instars. The first new adults 
were noted in one case in 26 days, and 
in the second case in 28 days. This agrees 





~normal nymphs. The hatching percentage 


was also normal. Bovicola bovis was main- 
tained through two generations with no 
males ever introduced or produced. In all 
cases all lice reared yielded females. 
Numerous attempts were made in other 
cases to induce copulation but this was 
never observed, and eggs from females in 
constant association with males also, in 
all instances, yielded female lice. Normal 
infestations on cows are composed almost 
entirely of females. The sex ratio varies 
with the state of infestation, in light in- 
creasing infestations the percentage may 
be as high as 10 per cent males, whereas in 
old very heavy infestations it may be 
impossible to find any males. It would 
thus appear that the presence of males of 
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B. bovis is necessary in rapidly increasing 
infestations, but the true role of males in 
the biology of the species has not been 
worked out. 

The normal rate of egg laying appears 
to be in the neighborhood of an egg 
every 35 hours per female. It is possible 
that under optimum conditions on the 
host the rate may be higher Since the 
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The instars can readily be distinguished 
by both head capsule measurements and 
morphological characters. The first in- 
star nymphs are completely light colored, 
unchitinized, along the lateral margins of 
the abdomen. In the second instar the 
lateral margins of the first visible ab- 
dominal segment are partly chitinized, 
brownish. In the third instar the first 


Table 4.—Life history of Bovicola bovis. Stage duration and hatchability at 100°F and various 


relative humidities, Ithaca, N. Y.—1942-43 











Retative Humipiry 90 83 75 58 40 
(Per Cent) (KNO;)! (KC)! (NaCt)! (CoC)! (K,CO;)! 
Days and Hours 
Max. &- 3 7-11 7-10 7-11 
Egg Min. 5- 9 5- 8 4-23 6-14 
Av. 6- 1 6-22 6-14 6-19 6-18 
Max. All died in A very few A very few All died in 
Instar 1 Min. first instar moulted moulted 12 days, none 
Av. 7 moulted 
Max. None None 
Instar 2 Min. reached 3rd_ reached 3rd 
Av. 5-9 instar instar 
Max. 
Instar 3 Min. 
Av. 8-15 
Max. 
Preoviposition Min. 
Av. 
Max. 
Cycle, egg to adult Min. 
Av. 27-18 
Per Cent Hatching 9 26 45 43 62 
Maximum adult longevity 
(days) 7 13 12 9 6 
Average number of days 
adult lives 3-14 4-20 4-8 6-12 4-12 
Average number of days for 
1 female to lay 1 egg 1.8 1.6 1.5 1.7 1.3 





1 Saturated solution for maintenance of constant humidity. 


maximum longevity recorded for any fe- 
male was 42 days, the maximum number 
of eggs one female could lay would be 
about 30. Since the females observed 
slacked off in egg laying after 15 days the 
average number of eggs per female would 
not be over 20. This is true for controlled 
laboratory conditions, possibly under 
natural conditions on the host the num- 
ber might be higher. 


visible segment is completely chitinized 
along the lateral margin, the second seg- 
ment also partly chitinized, brownish. 
(Figs. 2 & 3). 

Table 6 gives the measurements in 
millimeters of the various stages and in- 
stars. Each figure is based on at least six 
individuals, except that for the male 
which is based on a single individual. 
There is a definite jump in measurement 
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of both length and width of head capsule 
so that these measurements can also be 
used to differentiate instars. The head 
capsule width is the better measurement 
for this purpose. 

The eggs (Fig. 1) are deposited at the 








Fatal: 


Fic. 1.—Egg of Bovicola bovis attached 
to a cattle hair (Greatly enlarged). 


bases of the hairs, each egg glued to the 
hair by the posterior one fourth, the an- 
terior three fourths and cap are free, 
pointed away from the skin of the host. 
There is a definite tendency to lay several 
eggs on one hair, and many in a small 
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leaving them intact with the caps still 
hinged on but open. The nymphs and 
adults are normally seen either moving 
along the hairs or quiescent at the hair 
base with the anterior edge of the head 
at the skin surface. The ventral surface 
of the head is grooved to fit cattle hair, 
and the louse usually has its mandibles 
encircling a hair laying in this groove. 
Since the mandibles are set some dis- 
tance from the anterior edge of the 
head it is difficult to conceive how the 
louse could bite into the skin. Feeding 
has been observed to consist only of 
scraping material off the surfaces and 
bases of the hairs. Nevertheless heavy in- 
festations can seriously affect the health 
and productivity of cattle; the first sign 
of even moderate infestation is loosening 
of the hair so that rubbing or pulling re- 
moves large amounts. The lice do not cut 
hairs. 

Cattle lice are serious pests during the 
winter and early spring months in north- 
ern areas. In warm weather populations 
are at a very low level. To correlate the 
data on the reaction of Bovicola bovis to 
temperature with cattle skin conditions 
thermocouple readings were taken on the 
skin surface beneath a normal hair coat 
on heifers. During the winter the skin 
temperature over the shoulders and top- 
line averaged 92° to 93°. In warm weather 
in the shade the skin temperature was in 
the vicinity of 100°. If the animals were 
exposed to direct sunlight the skin tem- 
perature rapidly rose to over 125°F. Even 
on windy cool summer days the heat ef- 


Table 5.—Measurements of Bovicola bovis, in millimeters., Ithaca, New York, 1942 














InsTaR 1 Instar II Instar III FEMALE 
Eaa Max. Mr. Max. Mun. Max. Mun. Max. MuIn. Mae 
Total length 
.64 1.074 .728 1.131 1.068 1.462 1.319 1.754 1.597 1.120 
Head capsule length 
.272 .247 . 326 .289 . 388 .342 .422 .387 .329 
Head capsule width 
.279 =.251 . 337 . 302 .408 .385 472 455 346 





area. The eggs are colorless and translu- 
cent at first, toward the end of the in- 
cubation period they turn very lightly 
brown, and show the dark brown man- 
dibles of the developing nymph within. 
The young nymphs after hatching im- 
mediately move away from the egg shells, 


fect of direct sunlight for two minutes 
would raise the skin temperature to 
125°F. Since work in the laboratory 
demonstrated 100°F to be too high a 
temperature for B. bovis to maintain 
populations, and 125°F to be lethal after 
one hour’s exposure, it is evident that the 
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Fic. 2.—First, second and third instar nymphs of Bovicola bovis. (Greatly enlarged) 


microclimate of a heifer’s hair coat is 
unsuitable for B. bovis in warm weather. 
This is true for the regions on a heifer’s 
body where B. bovis is normally abundant; 
the shoulders, top, neck, and tailhead. 
It is possible that certain protected areas 
such as the inside of the ears, the tail and 
between the legs might be suitable for 
B. bovis the year round. Haematopinus 
eurysternus has been found to localize in- 
side the edges of the ears in the summer, 


when it could not be found on any other 
part of the host. 

Summary.—The incubation period for 
Linognathus vituli and Solenopotes capil- 
latus under winter barn conditions on 
dairy heifers was noted to average 11 
days, with a maximum of 13 days and a 
minimum of 9 days. The incubation 
period of Haematopinus eurysternus was 
slightly longer, averaging 13 days with a 
maximum of 16 days and a minimum of 10 





Fic. 3.—First, second and third instar nymphs of Bovicola bovis showing the development 
of chitinization in the abdominal segments. (Greatly enlarged) 
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days. The oviposition rate for H. eury- 
sternus and 8S. capillatus was 1 to 2 eggs 
per day, and for L. vituli one egg per day. 

Bovicola bovis, the cattle biting louse, 
was reared under artificial conditions of 
constant temperature and humidity. The 
optimum temperature and humidity ap- 
peared to be in the neighborhood of 
95°F and 75 to 84 per cent relative 
humidity. The probable cycle of B. bovis 
on the host in the winter was approxi- 
mated as follows: Egg—8 days, instar 
1-7 days, instar 2-5.5 days, instar 3-6 
days, preoviposition period—3 days, com- 
plete cycle—29 days, and oviposition rate 
—one egg per 35 hours per female. 

The normal method of reproduction of 
Bovicola bovis is parthenogenesis. This 
louse was maintained through two genera- 
tions with no males ever introduced or 
produced. In natural infestations males 
are present in very small numbers, but 
are most numerous in rapidly increasing 
populations, so that they probably serve 
some function in the biology of the spe- 
cies, but their true role has not been 
worked out. 

It was shown that a temperature of 
100°F was too high for maintenance of 
populations of Bovicola bovis, and that a 
temperature of 125°F was lethal within 
one hour. Since the normal skin tempera- 
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Fic. 4.—Adult male and adult females 
of Bovicola boris. (Greatly enlarged) 


ture of heifers in the summer in northern 
areas approaches 100°F, and the action 
of direct sunlight raises the skin tempera- 
ture to over 125°F in two minutes it 
would appear that the winter areas of in- 
festation on heifers are unsuitable for 
maintenance of B. bovis populations. Skin 
temperature is of great importance in in- 
fluencing the relative abundance of cattle 
lice in the winter and summer in northern 
areas, but this is not meant to imply that 
humidity, light, diet, and skin condition 
are not factors. 
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CoMMANDER “Dick”? O’Kane 


Entomologists may have read in the news columns 
a note concerning the rescue by Navy Commander 
“Dick” O'Kane of 22 airmen who had been forced 
down in the Pacific Area. Commander O’ Kane was 
listed as from “‘California.”” We are informed, how- 
ever, that “Dick”’ is the son of Dr. W. C. O’Kane. 
He graduated from Annapolis 10 years ago and has 
been serving in the Pacific for 6 years. He is Com- 
mander of a submarine and the rescue referred to 
was considered so outstanding that it formed a part 
of the radio “Report to the Nation.”’ All entomolo- 
gists will claim the right to share the pride Dr. and 
Mrs, O’Kane must feel in their son. 


GeorGE F. KNOWLTON IN 
Minitary SERVICE 


Dr. Geo. F. Knowlton has been “loaned” to the 
Army by the Utah College of Agriculture for the 
duration. Dr. Knowlton has been, since June 16, 
1944, Entomologist for the Ninth Service Com- 
mand, in charge of insect, rodent and vermin 
control. 

Dr. Knowlton writes from 304 East 4 North, 
Logan, Utah but his duties will cover a wide area. 

The College and Station work of Dr. Knowlton 
will be taken over by Dr. C. J. Sorenson and will 
form a heavy addition to his already heavy schedule 
of duties. 

















SCIENTIFIC NOTES 


Collops Feeding 


Gerorce F. Know.ton, Utah Agricultural 
Experiment Station, Logan 


The green collops, Collops hirtellus Lec., perhaps 
var. lucens Fall (Det. H. S. Barber) was observed 
during late May and June of 1943 feeding on pea 
aphids, Macrosiphum pisi (Kalt.) in alfalfa fields of 
northern Utah at Nibley, North Logan and Ogden. 
Sometimes this species in abundance in 
alfalfa fields infested by pea aphids. On June 19, 
1943, 35 C, hirtellus and several thousand pea aphids 
were collected in 150 sweeps of the insect net in an 
alfalfa field in North Logan. Other insects collected 
included 2 C. bipunctatus (Say) and 8 C. vittatus 
Say (?) or C. necopinus Fall (Det. H. S. Barber). 
Many lygus bugs and several Nabis alternatus Parsh 
were also included. 

When 9 C hirtellus were placed in a petri 
dish with 50 Macrosiphum pisi, one male collops 
immediately seized and ate the abdomen of a winged 
pea aphid within 30 seconds. This predator did not 
use its tarsi to hold or manipulate its prey as did a 
nearby female C. hirtellus which almost completely 
consumed a mature apterous aphid within 40 
seconds. One male C. hirtellus ate two mature wing- 
less pea aphids in a few seconds less than three 
minutes. As the collops continued to gorge them- 
selves on the aphids, they more frequently ate only 
part of each aphid. However they sometimes re- 
turned and fed briefly on partly eaten prey. Im- 
mediately after eating an aphid, a female C. hirtellus 
consumed all except parts of some legs of a second 
mature pisi within 15 seconds. This predator did not 
stop feeding even while it attempted to climb the 
side of the glass petri dish, or after it had fallen on 
its back. It made no attempt to right itself until its 
prey was consumed. 

Twelve male and 3 female Collops hirtellus, alive 
from a cage test the previous day, killed and ate all 
or much of 85 pea aphids and smaller portions of 24 
more, leaving only 11 of the 120 aphids alive at the 
end of 25 minutes. In addition a Lygus elisus Van D. 
was mostly eaten. Feeding was usually ravenous. 

A male Collops (near similis Sch.) was observed 
to eat most of a second instar pea aphid in 18 seconds 
in an alfalfa field at Moab on June 6, 1943. Several 
other specimens of this predator were also observed 
in this field. 

Eight Collops vittatus or C. necopinus were also 
collected in the North Logan alfalfa field on June 
19, 1943. When confined in a petri dish, a male fed 
immediately on an adult pea aphid. Another quickly 
ate approximately one-fourth of a 3rd instar nymph, 
then dragged its prey away when annoyed by an- 
other collops; in 47 seconds all but parts of the legs 
of this aphid had been consumed. Two other male 
C. (?) vittatus fed together on a 2nd instar pea aphid 
for nearly 30 seconds, then one predator was driven 
away by another (?) vittatus, which fed in its place. 
This aphid nymph was entirely consumed in 37 
seconds and the predators wandered off 

When placed together in a petri dish, Collops 
vittatus (?) were very aggressive, chewing off the 
antennae and legs of several C. hirtellus and C. bi- 
maculatus. They less frequently attacked their own 
species. The adults of all three species would feed 
on dead collops even after they had been dead for a 
day or two. 


Collops hirtellus ate the abdomens from two Nabis 
alternatus, killed and ate part of a Lygus elisus and 
ate most of a lygus nymph and of one small spider, 
placed in the cage with aphids. C. vittatus also killed 
and ate two N. alternatus, ate most of a lygus nymph, 
an adult Orius tristicolor White, and Collops of the 
same and other species. Sometimes when a C. vittatus 
was feeding on a pea aphid it would stop to attack 
an intruding beetle; in other cases it retreated, 
— taking the remainder of its prey when it 
moved away.—4-15-44. 





Boxelder Bug Observations 


Gerorce F. Knowtton, Utah Agricultural 
Experiment Station, Logan 


A bee yard of 11 hives, located on the warm slope 
and approximately 5 miles above the mouth of Big 
Cottonwood Canyon, Salt Lake County, Utah, was 
examined on the afternoon of November 16, 1943. 
Several thousand boxelder bugs, Leptocoris trivit- 
tatus (Say) were present around the hives. These 
bugs apparently had been seeking shelter for winter 
under the hives and among dry oak leaves which 
had blown into the spaces between the close-set 
hives behind the hiveboxes, on the dugout-shelf on 
which they rested. In the warm afternoon sunshine 
great numbers of the bugs were sunning themselves, 
usually gathered together in groups; others wan- 
dered about lazily. Two masses of bugs near one hive 
entrance attracted the writer’s particular attention. 
One of these consisted of nine boxelder bugs which 
were feeding on a recently dead honeybee. The 
second, much larger mass, consisted of two layers 
and a partial third layer of the bugs which covered 
a nearby dead honeybee; as many of the bugs were 
feeding on the dead bee as could reach it with their 
beaks while the others clustered on top seeking 
access to the dead victim. The bugs were massed in 
layers, in a manner resembling the attack they some- 
times make on over-ripe plums or on a damaged, 
ripe pear or apple. Other dead and dying bees were 
scattered in front of the hives, but only two were 
observed being fed upon by the bugs. 

Observations in towns, foothills and canyons of 
northern Utah have indicated that many winged 
boxelder bugs move during the fall for distances of a 
half to two miles, and sometimes more. Such bu. 
have been found on higher ground when evidently 
seeking shelter for winter. During the fall, the 
campus at Logan usually has many more of these 
bugs seeking shelter in and around the school build- 
ings than summer population estimates had indi- 
cated to have developed on the campus during the 
season. Observations in local canyons of northern 
Utah help to support this conclusion. Boxelder bugs 
have frequently been found in abundance under 
rocks and in other protected places at elevations 
some distance from and above the nearest _boxelder 
trees in canyons. However in northern Utah, large 
numbers of boxelder bugs ordinarily survive the 
winter in protected places in and around homes, 
school houses, sheds, other buildings, under loose 
bark of trees, and wherever protection is found. This 
suggests that especially in communities, only a part 
of the bugs breeding in a local area move any ap- 
preciable distance from the usual summer location 
and host plants.—4-15-44. 
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The Distribution of Ctenolepisma 
urbana Slabaugh and Certain 
Other Lepismatidae 


Harvey L. Sweetman, Massachusetts State College, 
Amherst 
and 
Waxrer M. Kutasn, North Carolina State College, 
Raleigh 


The gray silverfish, Ctenolepisma urbana, was 
described by Slabaugh (1940) from gk a col- 
lected in buildings in Urbana, Illinois. Mallis (1941), 
under the name of C. urbani Slabaugh, discussed the 
species as a household pest in southern California. 
Unfortunately Mallis mispelled the specific name in 


his paper. 

The gray silverfish was found widespread and 
common in Raleigh, North Carolina by the junior 
author in 1942. Dr. C. S. Brimley of the North 
Carolina Department of Agriculture in Raleigh 
loaned their collection of Thysanura from which the 
senior author has identified specimens collected in 
Raleigh in 1922, 1926, 1927, and 1937 as C. urbana. 
Mrs. R. E. Stone (Slabaugh) has just found the 
species in Columbia, Missouri (Correspondence, 
November 1943). The senior author collected a single 
specimen in Houma, La., in 1939. 

These records of Ctenolepisma urbana from the 
Coast, Midwest, and from the eastern, western and 
southern coastal states from 1922 to date suggest 
that this fourth household pest thysanuran is wide- 
spread in this country, at least in regions where long, 
warm summers prevail. 

The common silverfish, Lepisma saccharina L., 
and the firebrat, Thermobia domestica Pack., are well 
established pests throughout southern Canada and 
the United States in buildings wherever the physical 
environment is favorable. The firebrat is often con- 
fused with the two household pest species of 
Ctenolepisma. 

The four-lined silverfish, Ctenolepisma quadriserita 
Pack., is plentiful in the eastern part of the United 
States (Sweetman 1941). The senior author has 
collected this species as far south as the state line 
in south central Georgia and it is recorded from 
Tennessee. The westward distribution extends at 
least to Missouri and northward into south-central 
Canada. Our experiences in Massachusetts during 
the past twelve years have demonstrated that C. 
quadriseriata and Lepisma saccharina are much 
more injurious in the state than Thermobia domes- 
tica, although C. quadriseriata has been confused 
with 7. domestica by many people. C. quadriseriata 
in laboratory tests does much more damage to paper 
and fabrics than either L. saccharina or T. domestica. 

More information on the economic importance 
and distribution of these pests, especially the two 
species of Ctenolepisma is needed.—11-26-43. 
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The Introduction and Establishment 
of Habrolepis rouxi in California 


STtantey E. FLANDERS 
University of California Citrus Experiment 
Station, Riverside 


The late W. K. Roux, when chief entomologist of 
the Letaba Estate, Zebediela, Transvaal, Union of 
South Africa, sent in June 1935 a small lot of reared 
parasitic insects to the University of California 
Citrus Experiment Station for identification. 
Among them were specimens reared from red scale, 
Aonidiella aurantii (Mask.). These specimens were 
Heedenee, described by Compere (1936) as 
Habrolepis rouxi. The discovery that there existed in 
South Africa a parasite of red scale resulted in the 
University of California sending Harold Compere to 
Africa to collect and rear specimens for shipment to 
the Citrus Experiment Station. On the recommen- 
dation of Harry S. Smith, in charge of the Division 
of Beneficial Insect Investigations, the trip was 
financed in part by the unused portion of a fund 
provided by the citrus growers of California for ex- 
ploring South America for red scale parasites. 

Compere arrived in Cape Town in the fall of 1936. 
During February, March and April, 1937, he sent 
15 shipments of parasitized red scale to California. 
Most of the shipments were en route from 3 to 4 
weeks. Live material was obtained from only 6 of 
these shipments. The shipments for the most part 
consisted of gourds and squashes infested with 
parasitized red scale in all stages of development. 
The first adult progeny reared from the introduced 
specimens were obtained April 14. These were from 
parents received March 25. 

Although males were produced, mating never 
occurred. The production of males appears to be 
governed by environmental factors (Flanders 1944). 

During the years 1937, 1938, 1939, over 50,000 
females of Habrolepis rouzi were reared and liber- 
ated in various parts of southern California on 
infestations of red scale on citrus and other host 
plants. In 1941 and 1942, about 50,000 females were 
shipped to Fresno, California, where they were liber- 
ated on the olive scale, Parlatoria oleae, by E. M. 
Stafford of the Division of Entomology and Para- 
sitology, University of California Agricultural Ex- 
periment Station. 

Although reproduction for one or two generations 
occurred at many points in the field, establishment 
appears to have occurred only south of San Diego 
in the vicinity of Chula Vista. This was discovered 
in 1943 by R. S. Woglum, entomologist for the 
California Fruit Growers Exchange. He states 
(Woglum 1943) that it was found to be abundant on 
a few semi-abandoned, untreated trees. He in- 
cluded that “... it can scarcely be said that the 
parasite is controlling the red scale.” 

This establishment resulted from the liberations 
made by the writer, of about 1000 females. These 
were released during 1937 on infestations of red 
scale on roses and on citrus at several points in the 
vicinity of Chula Vista. 

The original host of Habrolepis rouxi in Africa may 
be Aspidiotus sylvaticus Brain. A heavily parasitized 
infestation of this coccid was observed by Compere 
(1937) on a branch of Trichilia emetica growing in 
the Kruger National Park.—3-31-44. 
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Toxicity Tests of Certain N-Substi- 
tuted Benzamides against Codling 
Moth Larvae 


E. H. Srecuer and S. I. Gertier, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Toxicity tests of some aryl N-substituted ben- 
zamides against larvae of the codling moth, Carpo- 
capsa pomonella (L.), have recently been reported by 
Siegler & Bowen (1942). All the compounds tested 


were found ineffective. A number of additional 
N-substituted benzamides were later prepared by 
the junior author for insecticidal evaluation. 

All the compounds were prepared by allowing 
benzoyl! chloride to react with various primary and 
seondary amines of aliphatic and aromatic hydro- 
carbons. Some of the aryl amines had carbethoxy, 
alkoxy, halogen, or nitro substitutions in the hydro- 
carbon radical. A few of the compounds were 
dibenzamide derivatives obtained from the action 
of benzoyl chloride on compounds containing two 
amine groups. 

As before, the tests were made by the apple-plug 
method. Approximately 100 plugs were used for each 
organic compound, 600 for lead arsenate, and 
about 600 for the checks. Each plug was infested 
with a single ready-to-hatch codling moth egg. The 
test materials were applied at the rate of 4 pounds to 
100 gallons of ethanol (95 per cent) diluted with 
water to make a 20 per cent solution. 

The results, which are given in table 1, show that 
none of the N-substituted benzamides were toxic to 
codling moth larvae. 
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Table 1.—Toxicity tests of N-substituted benzamides against codling moth larvae. 
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ComMPouUND ForMULA Wormy P.ivucs 

Opn res wee a C,H;CONHC,.H,NHCOC,H; 82 
5’-Dichlorobenzanilide CsH;CONHC,H;Ck 85 
N-(L-Naphth l)benzanilide CeHgCON (CeHs) (CoH) 85 

9- Benzoylearbazole CeH,yN (COCeHs) CoH, 88 
3’-Nitrobenzanilide CsHsCONHC,H,NO, 89 
2’-Nitrobenzanilide C.H;CONHC,H,NO, 91 
1 Le 1-phenylhydrazine CsH,N (COC.H;) NH(COC¢Hs;) 91 
N, N-Diphenylbenzamide CeHsCON (CoHs)2 91 
3’ -Bromobenzanilide C;.H;CON HC,H,Br 92 
p-Benzaniside C.HsCONHC,H,(OCHS) 92 
N-Propylbenzamide C.s>H;CON HC;H; 92 
rn emer acid, ethyl ester C.H;CON HC,H,COOC,H; 93 
4’-Chlorobenzanilide C.H;CONHC,H.Cl 93 
o-Phenylbenzanilide CsHsCON HC.Hy(CeHs) 93 
N-Benzylbenzanilide CsHsCON (CHeC.Hs)CeHs 94 
4’-Ethoxybenzanilide C.Hs;CONHC,H,(OC;H;) 94 
2’-Bromobenzanilide CsHsCONHC,H,Br 94 
N, N-Dicyclohexylbenzamide CeHsCON (CoH11)2 95 
2- -Benzamidoanthraquinone C.Hy(CO).CsH;NHCOC,H,; 96 
4’-Nitrobenzanilide C.H;CONHC,H4( NO) 96 
2’-Chlorobenzanilide C.H,CONHC,H.Cl 96 
N -Ilsobutylbenzamide CsHsCONHCH,CH(CHs)2 97 
4’-Bromobenzanilide C cH,CON H¢ ‘sH,Br 98 
3" Chlorobenzanilide C,H,;CONHC,H,Br 98 
m-Dibenzamidobenzene CsH,NH(COC.H;)2 . 99 
N,N-Diisobutylbenzamide CsHs;CON(CH2CH(CHs):|2 99 
N-(2-Naphthyl])benzanilide CsHsCON (CoH) (CoH) 99 
Benzamide CsH;CONH, 100 
Lead arsenate -—— 48 
Untreated check -- 98 








446 


Notes on the Occurrence of Anopheles 
georgianus King in Louisiana’ 


Wiis W. Wiern,? U. 8S. Quarantine Station, 
Miami Beach, Florida 


At the time this report was first prepared in 
December, 1942, a search of the published Trenatuse 
revealed that Anopheles georgianus King had been 
reported only from five counties in Georgia, its t 
locality (Bellamy, 1939; King, 1989; King, Bradley, 
and MecNeel, 1942). Since that time a report has 
appeared (King, et al, 1948) listing this species from 
Alabama, Florida, Georgia, Mississippi, North 
Carolina, South Carolina, and two localities—Camp 
Livingston and Camp Polk—in Louisiana. The 
scarcity of ecological data in all but the first records 
from the type locality prompt the submission of the 
following records with ecological notes at this time. 
Records are listed as follows: 

La. #7. DeRidder, Louisiana, 11-II]-42, W. W. 
Wirth. Breeding in hillside seepage puddles roughly 
4 to 30 inches in diameter and up to 4 inches deep; 
full sun; water clear. Vegetation: filamentous yellow- 
green algae in the water; edges very grassy; area 
marked by growth of pitcher plants (Sarracenia 
sledgii), bog orchids, sundew (Drosera sp.), in cut- 
over pine land. Larval associates: Aedes canadensis 
(Theob.) (all stages, 1-10 per dip), Corethrella 
brakeleyi Coq. (scarce). Density: heavy breeding, 
1-10 per dip, all stages. 

La. #9. Camp Polk, Leesv ille, Louisiana, 12-ITI- 
42, W. W. Wirth. Breeding in very grassy hillside 
seep areas near the top of the hill. Puddles mostly 
4 to 12 inches in diameter and up to 2 inches deep; 
water clear; in full sun. Vegetation: filamentous 
yellow-green algae in water; edges very grassy, grass 

iding the smaller puddles; in cutover pine land. 
Larval associates: none. Density: heavy breeding, 
1-9 per dip, all stages, larger stages predominating. 

La. #54. Ruston, Louisiana, 17-V-42, W. W. 
Wirth. Breeding in a boggy hillside seep area in a 
pasture. Puddles small, 6 to 12 inches in diameter, 
up to 2 inches deep; water clear; in full sun. Vegeta- 
tion: light growth of yellow-green algae in water; 
edges very grassy; entire area heavily overgrown 
with pitcher plants (Sarracenia sledgii). Larval 
associates: Psorophora confinnis (L.-Arr.) (less than 
1 per dip, large), Culex salinarius Coq. (1-10 per 
dip, all stages). Density: 1-2 per dip, all stages. 

La. #64. Camp Claiborne, Louisiana, 8-VITI-42, 
W. W. Wirth. Breeding in grassy seep areas at the 
bases of hills adjoining a heavily wooded swamp 
area. Hills with light stand of cutover pine. Puddles 
small, mostly 6 to 18 inches in diameter, up to 2 
inches deep; water clear, cold, current apparent in 
larger spring heads; full sun to one-half shade. 
Edges of puddles grassy. Larval associates: Theo- 
baldia melanura (Coq.) (very common, 2-8 per dip, 
all stages, tending to breed in the shadier places, 
leaving the Anopheles in the sunnier puddles). 
Density: scarce, less than 1 per dip, mostly first and 
second stages, with very few mature larvae. 

Discussion. Collections were made with a stand- 
ard white enameled dipper and densities were re- 


' Acknowledgement is made to Mr. G. H. Bradley, Sr. Ento- 
mologist (R), fs S. Public Health Service, hoe Control in 
War Areas, Atlanta, Georgia, and to Mr. E. Johnson, Ento- 
I State Board of Health, yew 4 Lou- 
isiana, under whose direction the author served as Junior 
Entomologist in Louisiana in 1942. 
* Assistant Sanitarian (R), U. S. Public Health Service, 
Malaria Control in War Areas. 
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ported as average number of larvae collected per dip. 
All identifications were made on fourth instar larvae 
using a compound microscope. Adults reared from 
collection La. #7 were identified as Anopheles 
ae group. All larvae conformed well to the 
description of georgianus King (King 1939). In the 

field the identification of A. georgianus King larvae 
could be fairly accurately predicted by their ve 
constant dark color (very dark greenish or ioseubs 
to black) and their occurrence in the small acid hill- 
side seepage puddles. Larvae of this species were 
never collected in the large streams or ponds in the 
areas where they occurred, but were confined to the 
small hillside puddles about the size of hoofprints or 
slightly larger. These observations seem to point out 
a definite habitat in Louisiana similar to that re- 
ported by Bellamy (1939) and King (1939) as the 
typical habitat in Georgia. 

Summary. 1. The occurrence of Anopheles geor- 
gianus King is reported from four localities in 
Louisiana and ecological notes are given. 
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Bee Breeding in January 


Wir C. Roserts, University of Wisconsin, 
Madison 
In order to increase the number of generations per 
year in a bee-breeding program, an attempt was 
made to rear queens and drones in a greenhouse. 


During January 1944 queens were successfully 
reared and artificially inseminated at the University 
of Wisconsin. It is believed that two or more genera- 
tions can be produced under greenhouse conditions 
during the period when it is impossible to rear 
queens outside. This would expedite a breeding pro- 
gram considerably. 

Colonies were placed in screen cages in the green- 
house and the bees allowed to fly freely within the 
cages. All colonies were supplied with ample quan- 
tities of honey, pollen or pollen cakes, and fresh 
water. Brood rearing progressed satisfactorily. 

The queens were reared by the usual swarm-box 
and finishing-colony met . The mature queen 
cells were given to nuclei made up with young bees 
and emerging brood. To produce drones in suffi- 
cient numbers it was necessary to feed sugar sirup 
containing pollen to the breeder colony. Most of the 
queens and drones produced were well-developed 
individuals.—2-16-44. 


1 In cooperation with the U.S.D.A., Agri. Res. Administration, 
Bureau of Entomology and Plant Quarantine. 
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Damage to Red Pine and Jack Pine 
in the Lake States by the Saratoga 
Spittle Bug 


H. C. Secrest, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


Serious damage to natural and planted red pine 
and jack pine, over relatively large acreages, and 
in some cases death of trees up to 15 feet in height, 
has recently occurred in the Lake States. Althou 
there was some doubt concerning the nature of the 
injury when it was first reported in 1941, subse- 
quent investigations by the Division of Forest Insect 
Investigations in cooperation with the U. S. Forest 
Service, show that apparently it was caused pri- 
marily by the feeding activities of adult spittle 
bugs, chiefly the species Aphrophora saratogensis 
(Fitch). Previously spittle bug damage to pines had 
been attributed to the pine spittle bug, A. parallela 
(Say). The latter species feeds on pine as nymphs 
and adults, whereas the Saratoga spittle bug feeds 
on pines only in the adult stage. Early in June 1941, 
when the dying trees were first noticed in Michigan, 
the absence of the spittle masses on the pines was 
conspicuous. In August, however, the adults were 
abundant, detailed notes of their activities were 
taken, and permanent sample plots were established 
for future study in the areas of heavy feeding. 

A review of the literature during the following 
winter revealed the fact that the nymphs of A phro- 
phora saratogensis had been found on various species 
of undergrowth in other parts of the United States. 
In Florida, for example, Ball (1928) collected from 
a fern, Woodwardia virginica (L.), nymphs that later 
developed into adults of this species. Therefore it 


seemed probable that some species of undergrowth, 
common in cut-over and burned-over areas in the 
Lake States, would be the nymphal host. Although 
detailed examinations of all the undergrowth were 
not made, the writer found that, in stands in and 
adjacent to the Manistee National Forest, in Michi- 


gan, sweet fern, Comptonia peregrina (L.), was 
apparently the preferred species. The eggs were 
found in this plant in shallow slits in the outer bark 
near the ground level or under loose bark scales. 
Oviposition begins late in July and continues into 
September. Hibernation is in the egg stage and 
hatching takes place in May. The nymphal stage is 
spent in a mass of spittle near the base of the stems 

—usually just above the root collar but beneath the 
surface of the litter. Frequently several nymphs may 
feed together, as many as 16 having been found in 
one common spittle mass. Two fourth-instar nymphs 
were also found in a mass of spittle on a small sprout 
of the bigtooth aspen, Populus grandidentata Mi- 
chaux. One of these completed its development on 
this host and proved to be A. saratogensis. The 
adults begin to appear late in June or early in July, 
about 2 weeks later than the adults of the true pine 
spittle bug, and their activity continues into 
October. 

Field collections and rearing studies in Michigan 
during the past 3 years have proved conclusively 
that the adults of Aphrophora saratogensis have been 
responsible for the major part of the injury. In 
these collections the adults of this species have 
consistently outnumbered those of A. parallela by 
a ratio of never less than $ to 1, even in July when 
the activity of the latter species was at its peak. 
Although the activity of A. parallela deciined 
sharply by the middle of August, the adults of 
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A. saratogensis were abundant through August and 
most of September, with a few surviving even into 
October. In a red pine plantation near Wellston, 
Mich., where severe injury occurred in 1940 and 
1941, ‘all the adults taken during the progress of 
this investigation have been A. saratogensis. Simi- 
larly, all the collections taken in Minnesota and 
Wisconsin, including those sent in to the Milwaukee 
laboratory of the Division of Forest Insect Investi- 
gations by other agencies, have shown a predomi- 
nance of A. saratogensis, with only a few, if any, 
specimens, of A. parallela. 

There is abundant evidence from the sample-plot 
studies in Michigan that the heaviest damage occurs 
where there is an association of pine and sweet fern. 
This association is found where the site conditions 
are poor—on sand barrens where the soil is nearly 
sterile, following fires, for example. In addition, 
many acres of Teattions of jack pine and red pine 
hove’ been established on this type of site in all 
three of the Lake States. In areas where the pine is 
growing in mixture with hardwoods or where the 
stands have good stocking and have closed, thereby 
making growth conditions unfavorable for sweet 
fern, t there i is a marked decrease or absence of the 
injury. Some of the stands of the latter types are in 
close proximity to severely injured stands. This has 
been corroborated by observations in pe a 
Minnesota and northern Wisconsin during the 
3 years by H. J. MacAloney, in charge of the i. 
waukee la caaetie 

The first evidence of injury is an almost imper- 
ceptible yellowing of the foliage in September follow- 
ing feeding by the adults during the summer. At this 
time an examination of the bark and the wood im- 
mediately beneath will disclose small pinholes, many 
of which are sealed by droplets of coagulated resin. 
The red foliage, which is the first conspicuous indica- 
tion of injury, does not usually become apparent 
until growth starts the following spring. The in- 
vestigations in Michigan indicate that two factors 
are of primary importance in the death of a branch 
or of an entire tree. These are the removal of sap 
and the poe effect produced by resin blocking 
the conducting tissues. The adults, being sap- 
suckers, extract the sap from the living cells. Speers 
(1941) reported that during a 4.5-hour period an 
adult pine spittle bug goek roximately 1.5 
cubic centimeters of fluid. No similar measurements 
were made with adults of the Saratoga spittle bug, 
but it seems safe to assume they would extract a 
comparable amount. Consequently when there is an 
abundance of adults a great amount of sap can be 
removed. This would result in desiccation and a 
great reduction in the amount of stored foods avail- 
able for the next season’s early growth. The in- 
filtration of the wounds with resin and the formation 
of scar tissue follow. When there are tremendous 
numbers of adults, such as have been reported 
from northern Wisconsin, this scar tissue coalesces 
and the result is a girdling action in the phloem and 
xylem cells. 

Control of the Saratoga spittle bug, or more 
properly the prevention of its injury, can best be 
achieved through silvicultural measures. Observa- 
tions in several of the infested areas and detailed 
study of the sample plots in Michigan showed that 
the injury to the pine trees was most noticeable in 
open plantations, with little or no hardwood cover 
that might act as shade or barrier protection. Sweet 
fern was commonly abundant in such areas, whereas 
it was virtually absent on the better sites that 
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would 4 y hardwoods as well as pine. Since it 
appears t sweet fern may be the principal 
nymphal host in the Lake States, measures taken 
to discourage this plant within the plantation areas 
and in the immediate vicinity will be a benefit in 
reducing the places that are favorable for egg dep- 
osition and nymphal development. The encourage- 
ment and favoring of a sufficient number of the 
better hardwoods per acre to make a good mixture 
and help crowd out the sweet fern and any other 
undergrowth species that might be nymphal hosts 
will also in the end help to build up the soil and im- 
prove the site quality. The resulting stand will not 
only aid in keeping spittle bug injury at a minimum 
but it will also limit the damage by the white-pine 
weevil, the pine chafer, and the various pine saw- 
flies. For the future it is suggested that planting sites 
be selected with great care, with a view toward 
— in those areas where protection will already 

available. Jack pine, for example, has been 
planted on the poorest sites, where conditions are 
naturally the most suitable for a luxuriant growth 
of sweet fern. Unless it is essential that a ground cover 
be maintained, without regard for the future quality 
of the timber, planting of such areas should be post- 
poned until there has been some natural regenera- 
tion of hardwoods. It is not unreasonable to say 
that a great deal of serious insect damage can be 
prevented, or at Icast limited to a degree where it 
will be innocuous, through the maintenance of 
growth conditions that will be unfavorable for rapid 
increases in insect populations. In planning for and 
encouraging future reforestation programs the in- 
formation and experience gained from studying 
these affected areas, where adequate consideration 
for the possibilities of insect damage had not been 
given, should be of paramount importance. 

Adverse weather conditions will undoubtedly 
cause heavy mortality of the nymphs. Studies in 
Michigan dhowed that unseasonably low tempera- 
tures probably caused heavy mortality of the young 
instars in May 1942. The lows at three weather sta- 
tions near the northern limits of the Manistee 
National Forest on May 10 were 16°, 17°, and 18° F. 
There was a period of high temperatures late in April 
and early in May during which foliage and twig 
growth began and insects became active. Undoubt- 
edly the eggs of A phrophora saratogensis hatched and 
the nymphs were active when the frost occurred. The 
adult abundance in this part of Michigan decreased 
sharply in 1942, whereas in Wisconsin, in the area 
of heavy injury, the lowest officially recorded tem- 
perature, following the warm period, was 27° F., 
and the adults were reported to have been very 
abundant in August. In 1943 series of nymphs were 
placed in freezing chambers in which the tempera- 
tures could be controlled for varying periods. 
Eighty-nine per cent of a series of fifth-instar 
nymphs were killed at a temperature of 18° F. and 
the remainder succumbed at 16° F. The younger 
nymphs died when the temperatures dropped to the 
low twenties. While no studies have n made 
during the winter months, it has been observed that 
in rolling terrain the heaviest injury has occurred 
in the low places, perhaps because such areas are 
more sheltered and the snow remains longer, thereby 
affording protection for the eggs. The present winter 
has been open, with little snow up to the middle of 
January, and it is not unlikely that there will be a 
decrease in adult abundance in 1944. This is one of 
the factors on which further study is necessary. 

Control through the use of chemicals obviously 
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would not be satisfactory. The adults are sucking 
insects and a contact insecticide would be necessary. 
They are extremely active, and any movement of 
the branches, such as would occur if a forcible spray 
was being projected against the trees, would be 
sufficient to cause them to move before the spray 
would cover them. The nature of the nymphal de- 
velopment, in masses of spittle usually beneath the 
litter surrounding the root collar of the sweet fern 
lants, precludes the use of contact sprays such as 
. ve been used successfully against the pine spittle 
ug. 

The situation in Marinette County, Wis., is es- 
pecially grave. Nearly all the trees on 200 acres of 
one jack pine plantation are dead. State authorities 
have isolated several species of fungi from the at- 
tacked trees, at least one of which is suspected of 
assisting in killing them. Further study of this prob- 
lem is necessary, and plans are being formulated to 
carry this out, beginning in the early spring of 1944, 
in cooperation with the State Entomologist, the 
Departments of Pathology and Entomology of the 
University of Wisconsin, and the Division of Forest 
Patho of the U. 8. Bureau of Plant Industry, 
Soils, and Agricultural Engineering.—4-25-44. 
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Chemicals to Destroy Overwintering 
Codling Moth Larvae in the Soil at the 
Base of Apple Trees 


M. A, Yoruers and F. W. Cartson, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine 


In badly infested apple orchards considerable 
numbers of the larvae of the codling moth overwin- 
ter in the soil attached to or near the base of the 
trees. These soil larvae become late spring-brood 
moths when the spray program has been relaxed 
between broods. They also sometimes remain in the 
soil until a second season, thus bridging over seasons 
of crop failure (Yothers & Carlson 1941). Experi- 
ments to find a material to destroy these larvae were 
carried on by the writers in the Yakima, Wash., area 
in 1940 to 1943. 

Most of the materials tested are listed in tables 1 
and 2. The pyrethrum extract contained 2.5 per cent 
of pyrethrins. The calcium cyanide dust was a pro- 
prie material containing 40 to 50 per cent of 
Ca(CN)s. The stove oil was a light mineral oil with a 
viscosity of 32 seconds Saybolt at 100° F. and an 
unsulfonated residue of 70 per cent. The middle 80 
per cent of the oil distilled between 189° and 257° C. 

The stock solution of ethanolamine oleate, used in 
most sprays as an emulsifier, was prepared by mixing 
oleic acid and monoethanolamine in the proportion 
of 292 to 61 by weight and adding water to give a 
3 per cent neutral soap by weight. 

The tests were made about the bases of large, 
badly infested, 30- to 35-year-old trees, except in one 
case when stumps were used, the trees having been 
cut down a few weeks before. To afford more even 
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distribution, the brush and larger trash were lifted 
carefully away before the chemicals were applied. 
Liquid formulas (Table 1) were made up in 1000-ml. 
quantities as emulsions and applied by means of a 
bucket pump to the soil within a few inches of the 
base of the trees. Dry materials (Table 2) were each 
— on 2 or 3 trees in the quantities indicated, 
either on the soil surface or in a small trench 1 to 2 
inches from the tree, and this was then covered with 
a few inches of trash-free soil firmly pressed down. 
The test materials were applied in May before many 
of the larvae had transformed to moths, and final 
examinations were made 3 to 5 weeks later. Results 
were determined by recording the number of empty, 
protruding pupal cases and by determining the num- 
ber of live and dead larvae and pupae attached to 
the trunk beneath the soil and in the adjoining 3 to 4 
inches of sifted soil. 


Table 1.—Results of orchard tests of sprays 
to kill overwintering codling moth larvae and 
pupae in the soil at the base of the apple trees. 








INDIVID- 


Toxicant Orn UALS Kit 





Number 


20% 98 
10 460 


428 
468 





Per Cent 
Dichloroethy] ether! 
20.0% Cottonseed 
5.0 Cottonseed 
2.5 Cottonseed 10 
5.0 Stove 10 
Ethylene dichloride! 
20.0% Cottonseed 20% 62 
20.0 Cottonseed 10 151 
5.0 Cottonseed 10 118 
60.0 Cottonseed — 100 
50.0 Cottonseed — 101 
Paradichloro-benzene! 
220.0% Cottonseed 2 
20.0 Stove 20 
Nicotine sulfate (40%)* 
1.0% Stove 20% 94 
Pyrethrum extract‘ 
2.0% Stove 20% 145 
4,6-Dinitro-ortho-cresol® 
1.0% Stove 20% 337 
0.5 Stove 10 292 91 
.25 Stove 10 171 92 


0% 109 
383 





1 Ethanolamine oleate, 5 per cent of stock solution, was used 
as an emulsifier. 

2 By weight. . t 

3 Sodium carbonate, 5 per cent, was used in addition to the 
ethanolamine oleate emulsifier as in footnote 1. 

« Ethanolamine oleate, 3 per cent of the stock solution, used as 
emulsifier. 

‘ Sodium oleate } Ib., Vatsol OS 1 Ib., sodium carbonate 9 lbs., 
per 100 gallons used as emulsifier. 


Of the sprays, dichloroethy] ether in cottonseed 
oil or stove oil gave the best results. Ethylene dichlo- 
ride gave poor {ills at any concentration below 50 or 
60 per cent. Emulsions containing 20 per cent by 
weight of paradichlorobenzene and 20 per cent of 
either cottonseed oil or stove oil gave high kills but 
were too difficult to dissolve at this concentration. 
Nicotine sulfate (40 per cent) and pyrethrum ex- 
tract both gave poor kills compared with the results 
obtained with their use when a penetrant was added 
(Yothers, Carlson, and Cassil 1942). The results 
with 4,6-dinitro-ortho-cresol confirmed in general 
the results obtained previously (ibid), although a 


Screntiric Nores 


449 


different emulsifier-penetrant was used. Tests of 
cottonseed oil were also made at 100, 50, 20, and 10 
per cent and showed kills of 96, 71, 5.6, and 6.9 per 
cent, respectively. Concentrations less than 100 per 
cent were emulsified with 5 per cent of the ethanolam- 
ine oleate described above. Stove oil at 20 and 10 
per cent, also emulsified with 5 per cent of etha- 
nolamine oleate, showed no more dead individuals 
than did the checks. 

Of the dry materials, calcium cyanide dust at 4 
ounces per tree gave an almost complete kill (98 per 
cent), and fairly good kills at 3 and 2 ounces (89 and 
87 per cent). Paradichlorobenzene crystals at 1 
ounce killed an average of 96 per cent in 2 tests in 


Table 2.—Results of orchard tests of dry ma- 
terials to kill overwintering codling moth larvae 
and pupae in the soil at the base of apple trees. 








Per 
CENT 
Kru 


Ounces NuMBER 
Per oF INbi- 


TOXICANT TREE VIDUALS 





Calcium cyanide dust 4 391 98 
167 89 

570 87 

47 38 

62 10 


204 100 

141 99 

114 100 

1,052 196 

687 96 

5 = 288 88 


Paradichlorobenzene 


Com ee Oo 





1 100 per cent in 2 tests out of 3. 


which 687 individuals were examined, and at 2 
ounces it also killed an average of 96 per cent (100, 
87, and 100 per cent) in 3 tests in which 1052 indi- 
viduals were examined. 

No injury could be detected for any of these mate- 
rials as used. 

These data are presented as a preliminary record, 
The actual contro] value of any of these materials is 
problematic since comparatively few of the over- 
wintering larvae in most orchards are located at the 
bases of the trees where they could be affected. 
When trees are scraped most of the larvae that would 
be killed by these materials are destroyed in the 
scraping operation, and after the first scraping there 
are less suitable locations left in the soil at the tree 
base in which the larvae can become established. 
Where a dormant trunk spray is applied (Yothers 
et al. 1942, 1943), any larvae that would be affected 
by a soil treatment would be killed by the trunk 
spray. However, in cases of severe infestation where 
the trees have been thoroughly scraped or where 
there is little rough bark in which the larvae can 
hide, a greater proportion of them would netessarily 
be cocooned in the soil and trash near the base of the 
trees. These could be readily destroyed by the use of 
these materials. At a cost for material of a couple of 
cents per tree for the paradichlorobenzene, for ex- 
ample, a considerable reduction in the potential in- 
festation could be effected. 

The paradichlorobenzene crystals should be 
poured around the base of the tree in a continuous 
circle 1 to 2 inches from the trunk, by using a small 
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container holding the required amount of material 
for each tree. The crystals should then be covered 
with 3 to 4 inches of trash-free soil firmly pressed 
down. By mid-July the mounded soil should be 
raked away to allow the new crop of larvae to enter 
and become established at the tree base to be simi- 
larly treated the next spring, preferably before many 
of the larvae have pupated or at least before moths 
have begun to emerge.—4-25-44. 
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Experimental Parasitization Studies 
with the Comstock Mealybug 


D. W. Cuiancy, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


As shown by Bess (1939) and others, the resistance 
of mealybugs to parasitization by different species 
of internal hymenopterous parasites is extremely 
variable, even though oviposition may success- 
fully accomplished. The separate factors of host 
attractiveness and host suitability are frequently 
unrelated, since many parasites will readily oviposit 
in mealybug species in which they cannot develop. 
Or a partial immunity is exhibited wherein me 
occasional individuals are able to mature. The fun- 
damental causes of this phenomenon are not yet 
clearly understood. 

Considerable attention has recently been devoted 
to the experimental testing of parasites of other 
mealybugs present in this country for their ability 
to successfully parasitize the Comstock mealybug, 
Pseudococcus comstocki (Kuwana). Aside from the 
possible direct economic value of these investiga- 
tions, considerable information is being accumu- 
lated with regard to host-parasite specificity. 

The first tests to be conducted utilized Lepto- 
mastidea abnormis (Girault) and Leptomastix dacty- 
lopii Howard from Pseudococcus citri (Risso), fur- 
nished through the courtesy of Prof. H.S. Smith of 
the University of California Citrus Experiment Sta- 
tion, Riverside, Calif., during 1942. 

Although Pseudococcus comstocki was readily at- 
tacked by both species, and despite the utilization 
of 4,236 omastidea abnormis adults in 12 separate 
cage tests and 3,563 adults of Leptomastix dactylopit 
in 15 similar units under optimum conditions, the 
number of progeny obtained averaged less than 
50 per cent of the original stock. There was no ap- 
parent difference between the two species as regards 
adaptability to P. comstocki, since both are obviously 
imperfectly adapted to the Comstock mealybug as a 
host. Several small field releases of Leptomastidea 
abnormis failed to result in its establishment in 
eastern apple orchards infested with P. comstocki. 

Additional material forwarded from California 
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by Prof. Smith included parsites of the long-tailed 
mealybug, Pseudococeus adonidum (L.). The 
site reared in greatest abundance was Anar 
syd is Timberlake, of which 387 adults were 
introduced into several cages containing P. comstocki 
in all stages on potato sprouts. Although A. syd- 
neyensis was occasionally observed to attack P. 
comstocki, little interest was shown by the parasite, 
and no progeny were reared from any of these tests. 
A total of 73 adults of Tetracnemus sp. (presumably 
per us Compere and perhaps also pretiosus 
Timberlake) also failed to reproduce on P. com- 
stocki, as did 4 adults (3 females) of Chrysopla- 
tycerus splendens (Howard). Very encouraging re- 
sults were obtained with Coccophagus gurneyi 
Compere, however. From 36 adults placed in a cage 
with immature nymphs of P. comstocki, no less than 
530 progeny were reared, an approximate 15-fold 
increase in a single generation. Subsequent breeding 
attempts have been equally successful when a few 
Clausenia purpurea Ishii were included to provide 
for the hyperparasitic development of the male sex, 
and C. gurneyi appears to be well adapted to the 
Comstock mealybug as a host. In fact, propagation 
was accomplished about as readily as with its normal 
host, Pseudococeus gahani Green. Several recoveries 
of C. gurneyi were made following a single small re- 
lease of 174 adults in a Virginia apple orchard, one 
of which was a male that issued from a Clausenia 
purpurea cocoon, It is not yet known whether C. 
gurneyi can survive the severe eastern winters. 

Various stages of host-parasite specificity are 
illustrated by these tests, from total immunity 
through partial immunity to complete susceptibility, 
depending upon the parasite species involved. Simi- 
lar tests are under way with other mealybug para- 
sites, —3-20-44. 
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Hyperparasitization of Clausenia pur- 
purea Ishii, an Important Parasite of 
the Comstock Mealybug 


D. W. Cuiancy, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


The encyrtid solitary parasite Clausenia purpurea 
Ishii was apparently introduced into this country 
from the Orient along with its host, Pseudococcus 
comstocki (Kuwana), many years ago, and now 
occurs practically wherever the Comstock mealybug 
is found. In certain areas where this parasite has 
become very abundant, it exerts a considerable 
effect on the mealybug population. In Virginia, 
however, the potential effectiveness of C. purpurea 
is greatly reduced by native hyperparasites that 
readily attack this new host. 

During 1941 and 1942 numerous collections were 
made of parasitized mealybugs, commonly called 
mummies, containing mature larvae and pupae of 
Clausenia purpurea, in order to ascertain the extent 
of hyperparasitization in Virginia apple orchards and 
the species involved. Mummies from each of the 
three mealybug generations of the year were col- 
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lected and individually isolated in gelatin capsules, 
and the emergence therefrom was recorded in de- 
tail. The greater part of this material was from 
Albemarle and Nelson Counties in west-central 
Virginia and from Clarke and Frederick Counties in 
northern Virginia. The hyperparasites reared were 
two apparently undescribed species of Lygocerus,! 
Thysanus niger (Ashm.)? and T. elongatus (Girault)* 
(of which 7’. niger was the most abundant), Pachy- 
neuron altiscuta How.,? Tetrastichus minutus (How.),* 
and an undescribed species of Hyperimerus.? The 
two species of Lygocerus were more numerous than 
all the others combined, accounting for 76.1 per cent 
of the total rearings; the two species of 1 chee 
were next, with 19.6 per cent; while only 2.3 per cent 
were P. altiscuta, 1.9 per cent Tetrastichus minutus, 
and 0.1 per cent (one specimen) was Hyperimerus. 

Clausenia purpurea and its parasites were most 
abundant each year on the third generation of the 
mealybug. From overwintering mummies collected 
in Virginia during the fall and winter months and 
incubated in the laboratory, an average hyper- 
parasitization of 25.9 per cent was obtained, whereas 
only 9.6 per cent of first-generation and 3.4 per cent 
of second-generation mummies produced second- 
aries. When overwintered mummies from the same 
orchards were collected in April, however, immedi- 
ately prior to the emergence of C. purpurea, a much 
larger proportion of them gave rise to hyperpara- 
sites. To determine the reason for the increased 
hyperparasitization during the spring, systematic 
collections of overwintering mummies were made at 
definite intervals, and the dates of natural emergence 
of the various parasites in the field were recorded. 
Three series of collections were made from the same 
seven Albemarle County orchards, the first during 
November and December 1941, the second during 
January and February 1942, and the third, carefully 
timed to coincide with the first emergence of C. 
purpurea, from April 27-29, 1942. The total hyper- 
parasitization ranged from 13.9 per cent’on the first 
series of collections (12.1 per cent Lygocerus, 1.8 per 
cent Thysanus) to 13.4 per cent on the second series 
(12.4 per cent Lygocerus, 1.0 per cent Thysanus), and 
rose sharply to 88.5 per cent on the third series (87.1 
per cent Lygocerus, 1.4 per cent Thysanus). It will 
be noted that the final increase was due entirely to 
Lygocerus, Thysanus remaining about the same 
throughout. The reason for the increased hyper- 
parasitization of mummies collected in April is the 
fact that Lygocerus normally emerges in the spring 
about 3 weeks in advance of C. purpurea, immedi- 
ately attacks the remaining overwintered mummies, 
and completes an entire second generation at the 
expense of its host. 

The overwintering Clausenia purpurea are thus 
subjected to a double attack, in the present instance 
the first amounting to about 14 per cent during the 
fall months while the surviving 86 per cent were 
destroyed to the extent of 88.5 per cent the following 
spring. In other words, of each 100 overwintering 
C’. purpurea 14 were killed by secondaries in the fall 
and another 76 the following spring, leaving only 
10 mummies to produce Clausenia adults. The total 
destruction of the primary parasite was therefore 
about 90 per cent, most of which was accomplished 
by the early spring generation of Lygocerus spp. 

This largely explains the relative scarcity of 
Clausenia purpurea during the first and second 
mealybug generations and the inability of the para- 


1 Identified by C. F. W Muesebeck. 
? Identified by A. B. 


Gahan. 
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site to control the Comstock mealybug effectively 
under Virginia conditions, although other factors 
may be involved. Without the decimating effect of 
native hyperparasites, particularly Lygocerus spp., 
('. purpurea might conceivably be able to subjugate 
its host under otherwise favorable conditions, since 
it nemanty reduces mealybug populations to a con- 
siderably extent. These observations also suggest 
that similar relations may exist between the primary 
and secondary parasites of other insects with a 
seasonal diapause, perhaps explaining the apparent 
failure of certain species as control agents.—3-17-44. 





Introduced Lady Beetles on 
Mona Island 


Georce N. Wotcorr and Luis F. Marrtoret, 
Agricultural Experiment Station of the Uni- 
versity of Puerto Rico, Rio Piedras 


Mona Island, about midway between Puerto 
Rico and Hispaniola, politically part of the former, 
consists wale of a xerophytic plateau porting 
no agriculture. Nobody lives there except the light- 
house keeper and a few fishermen. As there are no 
private land holdings, the Department of Agricul- 
ture and Commerce of Puerto Rico administers the 
Island as a forest reserve and as a base for fishermen, 
some years ago having planted extensively of cau- 
arinas (Australian pines) and mahogany. Unfortu- 
nately, the casuarina seedlings brought from the 
Rio Piedras nursery of the Forest Service were in- 
fested with the cottony cushion scale, Icerya purchasi 
Maskell, which quickly became a serious pest. In- 
troduction of the Australian lady-beetle, Rodolia 
cardinalis Mulsant, more than fifteen years ago, 
produced almost perfect control but the introduc- 
tion of the Agromyzid fly, Cryptochaetum iceryae 
Williston, from California in 1939, was apparently 
as fruitless as that of an earlier attempt into Puerto 
Rico. The entomogenous fungus, Spicaria javanica, 
which has been 100% effective in eliminating cot- 
tony cushion scale in some humid citrus groves in 
Puerto Rico, is much less effective on casuarinas, and 
apparently can not function at all in the dry at- 
mosphere of Mona. The other parasites native to 
Puerto Rico have not been collected on Mona, and 
only the larvae of Chrysopa are found aiding the 
introduced lady-beetles. Thus control continues to 
be only partial on Mona, in contrast to at least 
local extermination in most parts of Puerto Rico: 
an extermination so nearly perfect that Rodolia has 
failed to survive. As a result, Mona serves as a re- 
serve in which to maintain a supply of lady-beetles, 
from which they may be obtained in sufficient num- 
bers to supply the very rare needs of Puerto Rico. 

The local race of papaya, Carica papaya, growing 
on Mona, vegetatively vigorous but valueless for 
fruit, was noted suffering severely some years ago 
from mass infestation by Pseudoparlatoria ostreata 
Cockerell. At the present time, not one papaya in a 
hundred shows scale infestation. In 1939, coconut 
palms and a single Barringtonia asiatica were heavily 
infested with Aspidiotus destructor Signoret, but 
today only the old Barringtonia leaves show scars 
where the scales once rested, and old palm fronds 
drop off with not a single scale insect on them. 
This startling change has been caused by the twice- 
stabbed lady-beetle, Chilocorus cacti Mulsant, of 
which numerous adults and several clusters of pupae 
were recently noted on previously scale-infested 














452 


papayas on Mona. Originally introduced into Puerto 
Rico from Cuba and Texas, it has apparently arrived 
in Mona entirely on its own initiative, so far as we 
know. By contrast with Rodolia, Chilocorus does not 
confine its diet to a single species of scale insect, 
but can eat almost any of the Diaspinae, and it is 
also much more venturesome in invading strange 
environments by extensive flight, or possibly by 
catching a ride on automobile or boat. If up to now 
Chilocorus has been so effective in destroying infesta- 
tions of scale insects, how much longer can it con- 
tinue to exist in the very limited area presented by 
the 13,000 acres of Mona Island? 


An Unusual Egg Deposition by a 
Queen Honeybee 


ErpMan Braun, Dominion Experimental 
Farm, Brandon, Manitoba 


A short time prior to July 17, 1942, a small swarm 
with a queen entered an empty queen-rearing 
nucleux box. The queen from this nucleus was 
transferred to a full colony and introduced in a dry 
queen cage, stoppered with candy, on July 17. She 
was accepted and laying well on August 6, but 
seemed to be nervous in her action while the hive 
was being examined. On August 25, it was observed 
that this queen was laying her eggs on the lower 
side of the wall of the cell instead of centering them 
on the base and occasionally two eggs were deposited 
in a single cell. Six frames, of capped and apparently 
normal brood, were present in the hive on Septem- 
ber 11 but the eggs were still being deposited in the 
same manner as indicated above. This colony was 
wintered-over and on April 20, 1943, the colony 
covered eleven frames with bees, had one frame of 
sealed brood and one frame of unsealed brood. The 
colony built up to normal strength until June 9, 
when capped queen cells of the supersedure type 
were present. The left wings of this queen were 
clipped on June 19 without any apparent after effect 
being observed or any change developing in her 
mode of egg laying. A dead virgin was found in front 
of the hive on July 9 but the original queen and 
additional supersedure cells were still present in the 
hive. Supersedure cells were left in the broodcham- 
ber at subsequent examinations but no virgins were 
observed within or out in front of the hive, although 
virgins had emerged from two of the supersedure 
cells prior to July 29. The Dominion Apiarist, Mr. 
C. B. Gooderham, examined this queen externally 
on August 13 and could find no major malformation 
except that the 4th abdominal segment did not seem 
to be properly joined to the 5th abdominal segment, 
otherwise the queen appeared to be perfectly nor- 
mal, On August 14 the queen was caged and sent to 
Dr. J. E, Fekert, University of California, for ex- 
amination. Dr. Eckert reported no abnormality 
found upon dissection. The colony headed by this 
queen stored a surplus of 70.5 pounds of honey dur- 
ing 1943. Ar. additional queen reared in California 
and introduced into a full colony in the spring of 1943 
is showing similar egg-laying tendencies, conse- 
quently this queen and her actions are being care- 
fully observed during the 1944 season. 
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Fumigation of Elm Wood Containing 
Adults of Hylurgopinus rufipes Eich. 


Heser ©. Dononor, U.S.D.A., Agr. Res. Adm. 
Bureau of Entomology and Plant Quarantine! 


The native elm bark beetle (Hylurgopinus rufi pes) 
is known to transmit Dutch elm disease and, since 
there is evidence that it overwinters in elm nursery 
stock, fumigation has been regarded as one possibly 
effective means of treating such stock before it is 
shipped out of the area of disease infection. In the 
spring of 1943 a series of methyl bromide fumiga- 
tions was run with small lots of live elm logs infested 
with overwintered adults of this beetle. Each test 
included six pieces approximately 15 inches long 
and ranging from 3 to 84 inches in diameter. 

A stock of infested elm was difficult to locate, and 
in the infested logs obtained an average of 76.9 per 
cent of the beetles were found to be dead, presum- 
ably from winter-kill. Despite this high mortality 
at the time of treatment, the results are regarded as 
indicative of those that would prevail in commercial 
practice. During the holding period of as long as 20 
days after the beetles were removed from their 
hibernacula after treatment, the maximum control 
mortality was 22.2 per cent. 

The data from the 12 fumigations, all run in metal- 
lined chambers with initial methyl bromide volatili- 
zation and adequate circulation, are shown in the 
following table. The temperature of the bark was 
taken at the beginning and at the end of each 
fumigation. 








AVERAGE 
Temperra- 
TURE OF 
Bark 


AVERAGE 
Mor- 
TALITY 


ToTaL 
Tests Breeries 


Hours Number Per Cent 
4.5 § 174 
28 


48 
24 
38 
395 
146 


Expo- 
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The only survivors were in one log section 8.5 
inches in diameter and having thick, corky bark. 
This type of bark structure, usually found only on 
trees of larger size than those commonly marketed 
as nursery stock, appears to afford some protection 
from fumigation for the adult beetles concealed be- 
neath it. 

Although the data from this exploratory series of 
methyl bromide fumigations are few, they indicate 
that successful use of fumigation cuuld be de- 
veloped for freeing elm nursery stock from hiber- 
nating bark beetles. In tests for injury with 20 
dormant, bare-rooted trees at the first, fourth, sixth, 
and seventh of the above schedules, all but one 
survived and all but one of the survivors appeared 
to grow normally during the 1943 season.—3-13-44. 


1 The writer is indebted to R. E. pm se, ig the Dutch elm 


disease eradication pradect, for obtaining the logs used and to the 
sonnel of the Forest Insects Laboratory at Morristown, 
N. J., for much helpful information. 
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Shade Trees and Human Efficiency 


Mr. Cuarrman:—I would like, with 
the permission of those present, to discuss 
a matter related to insecticidal allocation. 
I notice that this problem is handled by 
the War Production Board, and that it 
deals primarily with food production. 
That is all right. I am inclined to be- 
lieve that the War Production Board 
would also be interested in increased hu- 
man efficiency. I think that is a vital con- 
tribution to the war effort. 

Now I am known as a shade tree man, 
and I am speaking as one to a certain 
extent, but I am not speaking in the in- 
terests of better protection of shade trees 
because they are beautiful, nor because of 
the sentimental attachment which many 
people may have to them. I have been 
wondering recently, whether better pro- 
tection of shade trees cannot be abun- 
dantly justified because of the function 
they perform in increasing human effi- 
ciency, and I am wondering in that con- 
nection if entomologists, including myself 
as well as others, have not been overlook- 
ing a vital phase of the contribution of 
shade trees to the national welfare. 

I am willing to admit that the shade 
tree growing on the front lawn of a large 
estate may be something of a luxury. But 
what about the shade tree which is grow- 
ing on the grounds of the worker along the 
streets traversed by the workers, and 
growing in the parks, where men and 
women of all classes get more or less relief 
from the extremes of midsummer tem- 
peratures. 

Now I have run across a few figures 
which I think can be presented very 
briefly and which still are capable of con- 
siderable enlargement. 

Professor Yaglow of the Harvard School 
of Public Medicine, found a range of 64 
degrees to 79 degrees to be the limits for 
summer comfort. That is, those were the 
limits when people could work with a 


reasonable comfort, and a _ reasonable 
amount of efficiency. 

Professor Ellsworth Huntington, in es- 
tablished studies, concluded that a rise of 
only 4 or 5 degrees above 80 degrees was 
serious if prolonged over a period of time. 
The point I want to establish is this: 
That we have an actual loss due to ex- 
cessively high temperatures during the 
warm weather and those losses are all 
within that high range, and that high 
range is greatly affected by trees. Trees 
are admirably air-conditioned units. The 
difference in temperature under a tree and 
outside in a hot day may range some- 
where from 10 to 20 degrees. In other 
words, where we have fairly good shade 
trees in cities and villages, we have with- 
out realizing it, a perceptible increase in 
human efficiency. We know what heat 
strokes or sun strokes mean, but it is very 
difficult to get hold of those literally 
thousands of cases where individuals come 
close to that and lose very greatly in their 
efficiency. 

Gentlemen, I believe that we can look 
for a logical reason for the better protec- 
tion of our shade trees throughout the 
country, and as pointed out earlier in 
these sessions, that protection should be 
given before a large proportion of the 
trees have been weakened by the feeding 
of insects or by other troubles. 

In other words, our shade tree crop is a 
crop of 50, 75 or 100 years, and if we say 
we will neglect this crop for the duration, 
we are simply blasting prospects in the 
immediate future. I have in mind, for ex- 
ample, one city in central New York with 
a magnificent street lined in earlier years 
with wonderful elms. I would say that last. 
year the efficiency of those elms was re- 
duced by fully 50 per cent. If that is 
allowed to continue, it is only a question 
of a few years before there will be few 
trees on that street, and we may expect a 


453 





454 


decided reduction in the efficiency of the 
residents thereon. 

Take it another way. You all know of 
the summer migration of people from 
the city to the northern resorts. Thoughts 
of trees and shade are important motivat- 
ing factors. Unfortunately however in 
many cases. individuals are not in a posi- 
tion where they can migrate. 

I believe that in our cities and villages 
we have an unworked mine for contribut- 
ing to human energy and efficiency if those 
responsible for the care of those trees 
would realize the possibilities and take 
adequate steps to protect the trees, not 
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necessarily because they are beautiful, but 
because it is a good investment in local 
and national prosperity. Thank you.'— 
12-7-44. 


' Just one week before his death Dr. Felt contributed the 
ene 


T tired any to core 
— serve as his valedictory to his rae. 
remarks illustrate some of the outstanding character- 
istics of Dr. Felt. His my ~ i himself lucidly without 
ater extent they convey the 
a actually in trees. fe 
in trees as important fac- 
L fellow human beings; 





BOOK REVIEW 


The Argasidae of North America, Central America 
and Cuba, The American Midland Naturalist, 
Monograph No. 1, by R. A. Cooley and Glen M. 
Kobls. Pages 152; text illustrations 57; plates 14 
(54 figures). The University Press, Notre Dame, 
Indiana. June, 1944. $2.00. 

The world is interested as never before in all sorts 
of organisms which have even a remote bearing on 
problems involving public health so this little volume 
could scarcely have made a more timely appear- 
ance. While it is true that ticks are not, technically, 
insects it is equally true that they fall within the 
scope of interest and activities of the medical ento- 
mologist. Anything which will tend to clear up the 
confusion and fill the gaps in our knowledge of the 
ticks must, therefore, be very welcome. 

The book at hand deals with a limited group, the 
Argasidae. But the treatment is careful and thor- 
ough, the scheme of classification adopted is con- 
servative because of uncertainties in the existing 
knowledge which make final conclusions inadvis- 
able at present, and the authors have made the 
discussions as little technical as is possible. A careful 
beginner should be able to make reasonably certain 
identifications with the keys and illustrations pro- 
vided. Careful diagrams illustrating the nomen- 
clature of the diagnostic structures are given; in 
addition, more enlarged, carefully drawn diagrams 
of the critical structures separating species are 
provided liberally. And very excellent photographs, 
usually showing both dorsa < pow ventral aspects of 
the specimens, are provided. These are well repro- 
duced, the engravings being of liberal size. 


The introduction discusses the scope of the work; 
it is followed by a statement of the medical and 
veterinary importance of the ticks. A very excellent 
section devoted to an explanation of the descriptive 
terms and supplemented by the diagrams already 
noted, follows. Methods employed in the studies are 
detailed in such clarity that they can be used by 
other investigators and students. 

The remainder of the work is devoted to detailed 
taxonomic discussions, first of the family and then 
of the species. Nymphs as well as adults are de- 
scribed. Synonomy is presented for each species. 
Distribution maps are furnished for many of the 
species along with discussions of the geographical 
distribution and of the hosts so far as they are 
known. Finally, there is a classified list of all the 
hosts. 

The book is well printed in clear type, is free from 
error and is neatly and substantially bound. The 
publishers have done well to initiate their series of 
“Monographs” with this work. 

Readers of the book will agree, surely, that the 
above review only faintly indicates the merits of the 
book. But, excellent as it is, it can not surprise those 
of us who, from long knowledge of the authors, could 
have expected nothing less scholarly from them. 
The reviewer will take advantage of his opportunity 
to be among the first to extend congratulations to 
the authors for the presentation of a work which 
does not need to age before becoming a classic. It 
can be considered as nothing less than this at the 
outset. 





